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The purposes of this contract having been achieved, the following 
material is presented as a terminal report. The original proposal by 
the University of Hawaii in March of 1953 was to undertake a program to 
develop and evaluate methods utilizing radioisotopes in the field for 
the determination of marine primary productivity. It 1.,as visualized 
that carbon-14 would be employed in the development and evaluation of 
the principal techniques and that these techniques would be extended to 
a) the determination of the variations and rates of organic productivity 
in the tropical Central Pacific, b) to a study of the effect of "island 
land masses" on marine productivity, c) to compare tropical and temperate 
oceru1ic productivity utilizing not only results obtained on this contract 
but the results obtained by others as well, and d) to make a comparison 
of the methods developed on this contract with the techniques others 
have developed for the same purposes. It was envisaged that significant 
information 'tvould be obtained concerning the mechanics as well as the 
ecology of marine algal productivity. 
Progress toward the objectives of this contract was consistently 
made along a course which first involved tracer technique development 
as described in the different Annual Reports for 1954, '55, '56, 157, 
158, 159, '60 and '61. The simple aspects of the carbon-14 method 
devised for relative productivity measurement have been reported to the 
scientific community in three principal publications (Angot, Doty & Oguri, 
1958; Doty & Oguri, 1958; and Doty & Oguri, 1959; see also Doty teditor./, 
1963a). 
The next phase was to use the carbon-14 technique in determining 
the general and some of the special features of algal productivity. In 
various of the Reports to this contract, this information vlas reported 
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on an annual basis as gathered. All productivity data obtained by 
quantitative isotope techniques for the world's oceans were brought 
together in one publication (Doty & Capurro, 1961d) in which the results 
from this contract represented the largest part, though the results from 
this contract mostly concern just the Pacific Ocean. 
Techniques for benthic algal productivity were developed also 
using quantitative tracer methods, and some preliminary information from 
Oahu was gathered. The general aspects of these isotope techniques 
utilizing sulfur-35, phosphorus-32 and calcium-45 as well as carbon-14 
are reported upon in the Annual Reports for 1957, 160 and '61, but this 
work was dropped in order to complete the major work of the contract on 
marine phytoplankton producti vi ty • The benthic 'york is being continued 
as a major part of the work being done on another contract. 
Various analyses of the phytoplankton productivity data collected 
as a result of the application of the isotope technique developed have 
been made. The first of these was to obtain one of the stated objectives 
in the original proposal. 1:.~., to study what can be called the "land 
mass effect." This is, to put it another way, to find out how the 
productivity of the phytoplankton crop changes as one moves toward the 
beach through the region where the euphotic zone impinges upon the land 
and the bottom of the sea comes above the compensation point. It was 
found (Doty & Oguri, 1956) that as one approaches shore from the open 
ocean, phytoplankton productivity may increase 2 or 'perhaps 3 orders of 
magnitude. This same phenomenon (Doty, Soeriaatmadja & Soegiarto, 1963e) 
has been found elsewhere, and its presence has been affirmed by several 
others as well. 
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An analysis of data from the open ocean led to the discovery of 
a daily periodicity in the ability of the phytoplankton algae to carry 
on photosynthesis. This was found to be dependent upon the time of day 
that the measurement process was begun. The publishing of these results 
(Doty & Oguri, 1959) has led to a considerable bibliography from work 
continued on this phenomenon by others. The work on the present contract 
led to a discovery that this phenomenon extended to the benthic algae as 
well. The presence of such a periodicit,y has been denied and affirmed 
variously. Positive affirmation in repeated experiments (Buggeln, ros. 
in preparation) has now placed this phenomenon on a firm basis. One of 
the interesting extensions (Doty, 1959) is the discovery that this daily 
periodicity phenomenon varies With latitude. It is greatest in magnitude 
near the equator and decreases as it is measured at successively higher 
latitudes. 
In the course of this work various other things were revealed 
such as geographic variability. Along the equator (King, Austin & 
Doty, 1957), the productiVity is very high in relation to regions of 
upwelling. There is a rather sudden relative increase in productiVity 
at, and higher north of, the junction between the subtropical and sub-
arctic ~mters of the North Pacific (Ouil1ard, Doty & Oguri, 1955). A 
general resume of the geographic variability of productivity (Doty, 
1959g) was published as a result of a preliminary study of these relative 
productiVity phenomena. 
Primary productiVity measurement was the topic for a series of 
symposia, entitled "Marine Productivity in the PacifiC," held in con-
junction With the 10th Pacific Science Congress in Honolulu at the 
University of Hawaii during the period of August 22 through September 
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9, 1961. This was planned as one of the final activities on this con. 
tract to review the subject of primary productivity measurement and as a 
terminal stock-taking acti vi ty • The papers have been published (Doty 
L~ditorl, 1963a) with the inclusion of an extensive, yet selected, 
bibliography (Doty, 1963b) of the now large literature whereas, when the 
contract was begun, there '\-I'ere perhaps a dozen papers concerning empirical 
work in this field. In facilitating preparation for this symposium, 
several translations from the Russian were prepared and circulated as 
seemed appropriate among the participants. The major translation was 
the book by G. G. Vinberg (Doty J.edito~7, 1963c), which is a major item 
in the literature of productivity. It concentrates on analysis and 
criticism of fresh water methodology from the Russian point of view. 
With the conclusion of the 10th Pacific Science Congress symposium and 
the distribution of the publications listed in the bibliography, below, 
it was felt that communication of the work of this contract to the 
scientific community was rather well completed insofar as technique 
development was concerned. 
Acceptance of the technique developed has been almost universal 
with perhaps half of the workers using equipment devised on this contract 
as sold by various commercial suppliers or using a technique or equipment 
modified from that of this contract. Appendix III describes the follOW-
ing and other pieces of eqUipment not previously described in detail. 
The shipboard illuminated incubator developed is manufactured by the 
Gemllare :Manufacturing Company in New York City and the Rigosha Company 
in Tokyo. The Clarke :Marine Hydrophotometer is a routinely used 
instrument for measuring irradiance with a flat plate collector as 
recommended by the SCOR primary productivity intercalibration working 
groups (at least up through 1963). As originally provided (see Annual' 
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Report for 1955, Fig. 2), this instrument With any significant Wire angle 
did not make the overboard readings from a horizontal flat surface. 
Furthermore, a simple control box to connect the desk and overboard cell 
has been a well felt need. The necessity for a non-toxic opaque sampler 
of large volume led to the adoption of one. This is in line with experi-
mental evidence (see p. 18) that plankton from the depths must not be 
exposed to bright sunlight. To faci1i tate "in s1 tu" incubation of the 
isotope inoculated samples, several pieces of equipment have been 
devised as described in Appendix III. 
Until 1961 it had been impossible to complete certain technique 
studies because of the lack of ship time for biological purposes until 
time and facilities were provided aboard the U. S. Coast and Geodetic 
Survey vessel "Pioneerll and the U. S. Navy vessel "Rehobothll during 
September through December 1961. On cruises of these two vessels, data 
were gathered for comparisons of incubation methods and for studies of 
the effects of sample time. The raw data from these cruises processed 
in part (Appendix I) are included in this report. (These results led 
to most of the experiments in Appendix II as efforts to clarifY further 
points.) Publications on this and other information deriving from this 
contract can be expected to follow. 
The principal investigator was invited to convene two primary 
productivity intercalibration sessions as working groups of the Special 
Committee on Oceanic Research in respect to the International Indian 
Ocean Expeditions. The first of these was held in Honolulu immediately 
follOwing the close of the 10th Pacific Science Congress. The partici-
pants represented India, the Philippines, Indonesia, RUSSia, Japan, 
Australia, French Oceania and the U. S. A. with observers from other 
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countries. The general conclusions from this study were published (Doty, 
1962b) and this effort led to a second meeting of the working group. 
The second meeting was held at CronUlla, New South Wales, in Perth, 
Western Australia, and at sea aboard the vessel "Vityaz" of the Insti-
tute of Oceanology of the USSR. 
Considerable strides were made toward standardization of tech-
niques, less by the vigorous discussions and persuasion than through the 
joint and simultaneous use of the different methods and paraphernalia 
developed on the present contract by the different national groups 
involved in the intercalibration sessions. These groups were Australian, 
Japanese, Russian and American. The results could not be said to be 
trUly those of the individual techniques for none of the participants 
was able to carry out his technique entirely as he would have on his own 
ship. However, it was most satisfying to learn that, even at a very low 
confidence level from a statistical point of view, the results (Doty, et 
!1., mBs.) obtained by the different groups were quite similar. The 
groups nm'" look forward to being able to carry out parallel measurements 
with their respective techniques with sufficient replication to give a 
satisfactory degree of confidence in the relationships found between 
the techniques. If this can be done, then it would be possible by 
regression analysis to translate the results of one group into terms of 
another. 
Finally, a technique manual has been begun to save supplying such 
information piecemeal in response to the several requests per year for 
directions. Needless to say, even in its present preliminary form. it 
is useful in training the ten or more technicians being used in Hawaii 
each year on this work financed on other contracts. This effort under-
taken at the informal invitation of another Washington age~1CY was 
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hopefully combined with a NASCO effort on intercalibration and standard-
ization which, after various meetings in which the principal investigator 
took part, has produced an outline of the biological oceanographic 
methods on which some degree of agreement could be obtained. Since this 
group is not producing a useful training manual, it is presumed the 
manual originally undertaken on this contract should be completed. This 
should involve modification to include the results of the work done 
during the terminal period on this contract and reported upon below. 
Technique Studies During the Current Contract Period 
The work rather nicely separates into development of quantitative 
tracer techniques for measuring the productivity of benthic algae on 
the one hand and of the phytoplankton on the other. 
In respect to the benthic productivity work, a considerable 
amount of correspondence with others interested in this field, especially 
in the field of calcium metabolism in the coralline algae, has been 
carried out with, in addition, the interviewing of a number of individuals. 
The literature has been studied in this respect and a technique devised. 
Aside from obtaining special glassware so that work could be resumed as 
soon as funds for this purpose were available, the work was dropped 
insofar as contract AT-(04-3)-15 was concerned. The status of the work 
as completed on this contract is outlined in the proposal to AEC "AEC 
2477," and it is with some pleasure that we can announce that work has 
resumed on this aspect of our productivity technique development studies 
on a different contract. 
The quantitative tracer technique studies carried out during the 
present contract can be categorized as those concerning illumination, 
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light shock, dark bottle fixation, bottle effects and respiration. 
Various data handling studies were completed as well. In part, these 
were taken up as a result of suggestions and criticisms offered by our 
colleagues. In part, these studies were in search of relationships 
between results from the relative productivity technique developed and 
"in situ" incubation results (the results of which are thought to be 
those most near the absolute results obtaining in nature) and also 
various natural and experimental phenomena observed from time to time. 
Appendices I and II present greater details concerning the points than 
it seems reasonable to include in this narrative portion of this report. 
Cyclic variations in productivity potential have been a subject 
of particular concern and study. If one is concerned with producing a 
summary of productivity for a large area or long period of time adjust-
ment, not only the differences between the techniques used J but at least 
three corrections for periodic variations in productivity may be necessary 
as well. These are at present thought to be related to daily periodicity. 
lunar periodicity and seasonal. periodicity. It is known also, that at 
least some of these vary with latitude. 
DailY periodicity is rather well established and is a subject 
taken up elsewhere in this report (Appendix II, pp. 58-74), and its 
changes with latitude (Doty, 1959) have been approached in a preliminary 
way. 
In reference to daily periodicity, one of the carbon-14 fixation 
phenomena that is becoming realistic in our minds is that onshore and 
offshore plankton populations behave differently in bottles. Thus, our 
results are different depending upon which water type was used. It 
appears oxygen consumption (Laevastu, mss.) increases in offshore waters 
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significantly with long incubation whereas it does not increase signifi-
cantly in inshore waters. In inshore waters (Appendix II, Table XXXVI 
and Fig. 1), less radiocarbon is photosynthesized during morning half-
days than during afternoon half-days. In offshore waters (Appendix II, 
Fig. 3; Doty & Oguri, 1957; Angot, 1961b, Fig. 1), the reverse is true 
with the morning production being as much as 2.4!/ times that in the 
afternoon. 
!/ Information from work on ONR contract Nonr 4108(00). 
Two explanations for these differences found between inshore and 
offshore waters come to mind: a) The behavior on bottle walls of the 
predominantly Caulobacteriaceae of offshore waters in contrast to that 
of the predominantly planktonic bacteria of inshore waters; and b) the 
zenith sunlight intensity effects on photosynthesizers. The first 
concerns mostly the oxygen results, the latter the isotopic carbon 
results. Koblentz-Mishke (in lit.) has produced figures showing lessening 
of the mid-day depression with increasing latitude. Angot (196lb, Fig. 
7) illustrates the difference between the effect in surface waters, such 
as Doty & Oguri (1957) used, and the effect in water from the depths. 
The Doty & Oguri results were obtained near the equator where the noon 
day depression is greatest. Perhaps if the sun's zenith brightness is 
great enough, the phytoplankton do not recover in time to produce the 
afternoon maximum observed in results from inshore waters. This idea is 
borne out by Angot's results (1961b, Fig. 7) with water from the surface 
and from the 50-meter level. In further support of this hypothesis, 
note the lower afternoon peak or its lack in the results (Appendix II, 
Fig. 1) from the 2-hour sunlight incubations as opposed to the strong 
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afternoon peak fluorescent-lit and long term sun-lit incubator results 
for the same times. 
Searching for support of this idea in open ocean results from 
comparable radiocarbon technique applications is one of the future lines 
of study. The relatively high latitude results available (Table IV, pre-
08:00 vs. post-ll:OO classes) lead us to feel that equatorial intensities 
alone are not responsible for the larger morning values reported from 
the open sea. 
Earlier work (Annual Report, 1958, pp. 54-57, Fig. 11), with 
samples held and incubated at a s-candardtillle to correct for daily 
periodicity, was repeated on the "Pioneer" cruise in 1961. The results 
(Table I) are consistent with those from experiments in Indonesia and 
South China Sea waters in showing an increase in productivity rates. 
There VM, houeve;r, no ap:purent 'llseftih 'consistency in the results. 
Our current thinking on the problem of making this correction 
for periodicity is outlined on page 23. 
Lunar periodicity, being suspected from various lines of 
evidence, led to a preliminary experiment (Appendix II, Expt. 2, pp. 
4ff. and 75ff.) carried out to estimate the likelihood of the presence 
or absence of such a phenomenon. 
Seasonal periodicity in phytoplankton productivity is well known 
in higher latitudes from the work of Steemann-Nie1sen (1958) and Byther 
& Yentsch (1958). In our work, little seasonality has been found near 
Oahu, the chance occurrence of storms, ~., seemingly being of much 
greater magnitude in their influence on productivity. (On another 
project the seasonal variations in productivity at even lower latitudes 
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TABLE I. Mean productivity values of the replicates in rug C/hr/m3 
from incubations of water placed in standard sets of bottles and incubated 
at the times indicated on the "Pioneer" cruise (N066). "Standard time" 
was about 09: 00. The sample time and standard time incubations were 
done in the 1961-type incubators using fluorescent light; the 24-hour 
incubations were done in the 1961-type incubator bottoms using sunlight. 
Station General "time in" hourly rate 
& Sample I Sample Delayed until , 
time , Latitude I time standard time 24 .. hour 




.030 I .069 .063 \ , 1 i 
435 39°30' I 16:00 ! .136 I .103 .036 \ , 570 1~5048' 18:35 , .607 I • 74!~ .204 I I , 
I I 1092 51°16' I .638 .662 .246 I 17:30 ! 
I I 
1156 53°13' I 17:34 I 1.763 2.548 .815 I , 




1467 39°22' I 20:15 .032 I .311 .122 
1513 36°59' 18:15 .027 .089 .051 
1553 340 46' I 18:06 i .064 .088 .046 
1595 320 44' I 18:05 I .040 .124 .021 I 
1642 28°48' ! ; 18:15 I .065 .011 .039 I \ I 
i i 
.046 1679 26°34' I 18:00 i .013 .098 I 
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in the open ocean are being investigated currently on a series of 
monthly cruises for a 16 month period.) 
It is shown clearly in our work (Appendix II) that the incubator 
used is less influential in the results than the time of day the-mea-
surement is made and we infer from other studies (Doty, et al., mas.) 
that the differences caused by differences between the over all technique 
of the Australians, Japanese, Russians and Americans are also less than 
the variations in productivity due to time of day the measurements are 
made. Both incubator and general method would seem to introduce less 
variation away from the equator than is due to seasonal differences and 
also as due to the possible lunar periodicity. The lunar periodicity 
being about a 2-fold difference and the technique error being about 20 
to 30%. The differences in results due to incubator type (!.~., commonly 
used types) is also of about the same magnitude as that due to technique 
and sample error. This latter is revealed in Tables II and III which 
present results from the types of incubation used on cruises (Appendix 
I, Fig. 1) of the USC&GS vessel "Pioneer" (cruise N066) and the U. S. 
Navy Hydrographic Office vessel "Rehoboth" during 1961. 
". II d th "R h b thll The techniques and raw data from the P~oneer an e e 0 0 
cruises are described and the raw data presented as Appendix I. 
A statistical comparison between the results from the different 
techniques used on cruise N066 is shown, by sample time, in Table IV. 
I.' Except as a relative measure, there is no value to group means \x} or 
coefficient of variation (0%) between groups. However, as points in 
comparing the different technique groups and times of day the following 
are suggested. That the coefficients of variation found are actually 
lower in the pre-08:00 classes indicates, perhaps, that the technique 
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TABLE II. Comparisons of the data obtained from four different 
incubation techniques during cruise N066 (Notebook 66 and data library). 
The samples were from different latitudes and at each station they were 
taken from five light per cent depths. The values given are the 
integrated values for each station and are given in milligrams of 
carbon converted from the inorganic to the organic state per hour per 
square meter of ocean surface. The incubators were the 1961-type 
with the fluorescent lights in operation for the "electric light" cases 
and with the fluorescent light bank removed and the bottles exposed to 
the open sunlight in the cases of the "sunlight" examples. The filters 
were black nylon net passing approximately 64, 30, 16 and 1 per cent of 
the light. The surface samples were enclosed in no filters in any case. 
In each case the 1961-type electrically lit incubator result obtained 
with filters is used as a standard. 
Station Time Technique used 
number in Electric Electric Sunlight Sunlight 
& filters no filters & filters no filters 
67 13 .489 6.448 
91 06 1.991 12.784 
102 13 .791 1.048 
143 08 1.336 5.925 
148 12 1.054 3.713 
191 08 2.795 2.239 
194 14 .707 1.526 
229 07 .575 3.008 
316 13 .303 1.288 
349 07 1.211 7.073 
363 13 .600 5.338 
397 07 .757 3.087 
481 13 4.440 21.289 
515 07 6.304 25.098 
567 14 9.381 14.208 
589 07 4.300 12.194 
604 13 4.932 12.454 
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Technique used 
Station Time Electric Electric Sunlight Sunlight 
number in & filters no filters & filters no filters 
640 07 27.892 53.037 
646 14 10.806 18.434 
1092 11 2.868 2.789 
1131 07 4.868 8.532 
1145 12 17.498 36.164 
1186 06 42.278 67.751 
1201 12 26.767 90.111 
1240 07 6.410 26.786 
1245 14 5.107 1.540 
1275 08 8.669 7.365 
1368 13 2.375 14.514 
1389 06 9.804 23.268 
1402 12 1.834 13.630 
1435 06 .886 6.170 
1450 12 .449 2.017 
1489 06 1.493 4.792 
1502 12 1·317 3.670 
1530 06 .523 4.690 
1576 06 1.511 8.003 
1590 13 .768 7.562 
1618 06 1.833 8.052 
1626 12 1.712 5.693 
1655 07 2.047 5.657 
1670 13 1.256 36.385 
1704 06 11.758 8.319 
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TABLE III. Comparisons of the data obtained from two different 
incubation techniques during the cruise N067 (Notebook 67 and data 
library). The samples were from different latitudes and are given in 
milligrams of carbon converted from the inorganic to the organic state 
per hour per square meter of ocean surface. The incubators were the 
1961-type and the filters were black nylon net passing approximately 
64, 30, 16 and 1 per cent of the light. 
Technique used 
Station Time Samples from Neutral density 
number in the light depths filters-simulated depths 
01 08 2.643 4.076 
13 .610 .873 
02 07 1.063 1.409 
13 .775 2.362 
03 07 2.362 1.833 
13 1.597 2.355 
04 07 1.444 1.737 
13 1.493 .388 
05 07 
13 .201 .503 
06 12 .522 .284 
07 08 14.730 13.631 
13 2.649 4.728 
08 08 8.316 6.114 
14 2.126 2.036 
09 08 3.534 3.741 
14 .115 4.021 
10 07 1.842 .944 
12 .178 .178~/ 
!/ All but surface were negative. 
Technique used 
Station Time Samples from Neutral density 
number in the light depths filters-simulated depths 
11 07 1.186 1.382 
13 1.367 1.203 
14 12 .958 1.794 
15 07 6.748 1.415 
13 .331 .544 
16 08 6.051 8.574 
12 .451 .412 
17 07 4.656 4.514 
13 .456 .657 
18 07 10.506 8.782 
13 1.220 2.715 
19 06 4.373 4.535 
13 2.014 1.813 
20 08 4.530 5·720 
13 99.531 .883 
21 08 1.547 1.781 
13 .383 .598 
22 08 1.942 3.438 
23 08 2.828 
24 14 1.375 
25 08 2.462 
14 .627 
TABLE IV. Statistical comparisons of data from N066 (Tab1E~ II). 
Electric Electric - EJ..ectti.c Sunlight - I Edf:ctric Sunlight x ra~io I x vr/ filters wp filiers ratio v/rut.er"s w/rilters w/flli~ers w/o f':ilt.a's ratio 
I 
IMeasurement I x 2.787 12.843 5.21 3.353 6.793 2.85 13.752 23.768 3.17 
initiated at c% 89 73 22 84 43 44 114 110 97 
'or before 
08:00 r .99 - :---.55 - ·97---
-.69 - -.91 - -.48 -
- -.59 - - -.44 - - -.35 -
Measurement x 6.544 22.71!r- 6.07 2.944 4 .• 0$3 2·31 4.147 16.034 7.84 
init:iated at Cra 147 135 71 112 116 73 146 90 123 
or after 
.96 - .82 .,61 I 11:00 r - -- - - -
-.48 -
- -.57 - -.33 -, 




is less sensitive at that time of day. Perhaps the higher coefficients 
of variation in the post-ll:OO class indicates variation, in addition 
to the geographic variation, induced by variation in sun from day to 
day; as it has been shown in other experiments that the brightness of 
the sun (Appendix II, pp. 68f.) is an influential factor during the 
middle of the day. The consistently lower variability, by the same 
measure, in the ratios between the standard technique and the experimental 
techniques (classes A, B & C) in the pre-08:00 class as over the post-
11:00 class may in part be due to a change in sensitivity of the popula-
tions with latitude ••• note in this connection that in all 6 code groups 
the values are arranged as obtained from south to north. 
The variation of sunlight intensity has been suggested above to 
be an influential factor contributing to variability of results. Inten-
sity itself has also been considered to have a role in the suppression 
of carbon-14 fixation activity in water samples which have been subjected 
to greatly increased light intensities when brought from the sea into 
the air aboard Ship. This phenomenon is referred to as light shock. 
Light shock becomes a significant factor for it is apt to be a 
feature of the "in situ" technique, "Thich technique has been accepted 
rather widely as being the best for an international reference technique. 
This is because, in fastening the bottles to the line that will suspend 
them in the sea, the bottles are often exposed to the sun or bright 
light on the deck of the ship for a few minutes. 
As a result of conferences held aboard the "Vityaz" and in 
Cronulla (near Sydney, Australia) in connection with the last in the 
series of SCOR-UNESCO intercalibration sessions for IIOE primary 
productivity methods, experiments were carried out in Hawaii to determine 
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the reality and nature of the light shock phenomenon which most product-
ivity workers vrere rather sure was present. These were done in such 
ways that the time of incubation, temperature and other controllable 
conditions were uniform. 
In one particular experiment, vTater samples were obtained in 
opaque samplers and all bottles were filled at the same time in the dim 
light of a below-decks laboratory. The light shock was administered by 
bringing the experimental bottles into the sunlight at such times that 
sunlight exposure was terminated simultaneously for all of them. All 
bottles, including the controls that had been kept in the dim light of 
the laboratory, were then inoculated and incubated in the 1958-type 
incubators (Appendix III) illuminated with fluorescent light. Doty & 
Oguri (1958) describe the carbon-14 technique and the incubators used. 
The surface samples were uniformly exposed to about 1500 foot candles of 
light while incubating, those from the 32 per cent light depth to about 
48 foot candles and the 1 per light depth smaples to about 15 foot candles. 
These relative intensities were obtained by using calibrated black nylon 
netting sleeves around each of the 32 and 1 per cent light level bottles. 
The incubations were simultaneous and of nearly uniform duration. Figure 
1 illustrates the results from one experiment repeated three times. The 
other somewhat different experiments gave similar results, all of them 
indicating a strong depressing effect from even a few minutes exposure 
of the plankton samples to bright sunlight. 
The inference is clear that samples must be kept out of the bright 
sun. The use of opaque samplers, such as described in Appendix III, is 
recommended as is the handling of samples inside a laboratory out of the 
sun. Special precautions should be taken in initiating "in situ" 
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experiments to avoid light shock as the string of bottles is assemoled .and 
put in the sea. There was frequently a stimulation (Figure 1) from the 
one and four minute sunlight exposures. It must be kept in mind that 
both experimental and control subsamples were in the dim light of the 
shipboard laboratory when inoculated with the carbon-14 solution. Quite 
obviously, this stimulus would make an interesting side line for inves-
tigation. 
Another line of investigation (Appendix II, pp. 87-90 & Fig. 9), 
was into sources of light for inducing radio-carbon uptru~e by photosyn-
thesis. It was soon found that only in exceptional cases does sunlight 
at any intensity induce carbon-14 fixation at rates as high as the 1500 
f.c. or higher intensity from !lcool white" \.,restinghouse fluorescent 
tubes used in the 1958-type incubators described in Appendix III. This 
points to a fraction of the sunlight which, with neutral denSity filters 
being used, varies proportionately to the photosynthesis-stimulating 
wave lengths and reduces their effect when compared to the fluorescent 
light used. Under the experimental conditions used, red light added was 
accompanied by increases in isotopic carbon uptake. Other experiments 
support results of Vollenweider (unpublished) that ultra-violet is the 
inhibiting fraction in sunlight. 
The obvious asymmetries in the periodic changes in carbon-14 
productivity measurements and the noon time depression reflected upon 
above as a function of time of day led us (Doty, Soeriaatmadja & Soegiarto, 
1963) to use regression methods in smoothing data for horizontal distri-
butional studies. This has been combined in our effort to devise a 
practical plankton, or biological, shipboard program. The heart of 
this program is the radiOisotopic method of measuring the rate food is 
21 
Figure 1. The effect of sunlight on the ability of phytoplankton 
to photosynthesize as determined in separate experiments on three 
successive days. The exposure to direct sunlight was made on the ship's 
deck without the temperature in the bottles being allowed to rise more 
than about one degree Celsius. The ~ength of such exposure to sunlight 
is indicated on the abscissa in minutes. Each point represents the mean 
of two light bottle values with the exception of the two cases where 
they are shown as solid pOints, in which cases, only the higher of the 
two values was used. Each of the lower values is shown as an isolated 
pOint. The following coding identifies the data used as well as 
providing the date of the experiment and the approximate sunlight 
intensity to which the experimental samples were exposed: 
Source of Plankton 
______ Surface meter of 
",ater 
...... 
Depth at which 32% of 
surface light remains 
Depth at which 1% of 
surface light remains 
Date & surface light intensity 
in foot candles 
C) = 2-X- '63 13,110 
L'J. = 3-X-'63 11,250 
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combined from free energy and inorganic materials at sea. Since ship 
time is usually at a premium for biological work, a minimum has been 
planned. This minimum is at present stated as one stop per day at a 
standard sun time and permission for underway sampling at two to three 
hour intervals. The standard tin~ stop is to provide a base for adjust-
ing the undervlay values by regression methods and offset the periodicity 
phenomena. The stop requires 15 to 60 minutes depending largely on the 
winch operations possible aboard the ship. The types of data gathered 
are indicated by the Tables in Appendix I, if only one technician is 
aboard. With two technicians, not only is sampling extended over the 
24-hour period, but it includes other data as well, ~.£., bathythermo-
graph casts and seston samples. 
The current application of the isotopic carbon-14 technique to 
oceanic cruises obviously has required attention be given the merits of 
selecting one time over another for the standard sun-time station. Some 
of the criteria for selecting the time have become clear. From carbon-
14 experiments reported in Appendix II, pp. 73f., it is clear that a 
time of day when short term incubations or 24-hour incubations yield 
hourly rates which, when multiplied by day length in hours, provide 
daily values that are near the most reliable estimates of daily product-
ivity can be determined. Actually, there seem to be t'tJO such times of 
day, shortly after sun-up in the morning and shortly before sun-down in 
the evening. While it would make less difference if artificial light 
incubators were to be used, we have concentrated on the morning period 
for three reasons. These are a) the most careful attention to sampling 
detail can be obtained by the marine technicians and ship's crew first 
thing in the morning, b) use of sunlight incubators is rendered more 
possible, and c) seas are more apt to be at a minimum. There is little 
24 
differences in reference to subsurface light measurement, both times are 
almost equally bad. 
The only objective evidence favorable to selection of a mid-day 
time for standard stations for a program centered on carbon-14 measure-
ments of productivity is that light is easier to measure at the per cent 
depth~ for near noon the 100 per cent value is higher. In our opinion, 
the early morning time might not be best if one could make many measure-
lnents each or if the productivity during the day were symmetrical and 
there was no noon day or surface depression phenomenon. 
Currently, the standard "time in" for incubation of productivity 
samples being processed by the radioisotope method is suggested as near 
one hour after sunrise. This time is accepted as a result of considering 
the points discussed above and the experimental results detailed in pp. 
58-74 of Appendix II. 
As a result of this study, other phenomena have been brought to 
light and are, thus, available for further study as incidental products 
of this worl~, such as the follOlTing reported on in more detail in 
Appendix II: 
a) Evidence of the relative significance of physiology and 
biomass as causative factors in the daily periodicity 
phenomena observed (pp. 58-74 & 76). 
b) Evidence for non-diurnal cycles in productivity that may be 
lunar (p. 75). 
c) Evidence for respirational periodicity (p. 78) and the 
generalized mineralization (or respiration) rate (p. 79) in 
26 measurements having (Table XLII, p. 80) a mode, mean and 
median of 15% of the productivity_ 
25 
d) Evidence that dark bottle phenomena (p. 8lf.) are not unusually 
sensitive to technique, contamination or light leaks. 
e) EVidence that there is a rapid initial dark isotope uptake 
followed by lower rates (p. 82) in both planktonic and benthic 
algae. 
f) Evidence for dark bottle periodicity (p. 85) seems clear 
though small on an absolute scale. The maximum in dark carbon-
14 uptake rate is near 20:00, the time of minimum productivity, 
and the minimum in dark uptake rate is in the early daylight 
hours. 
g) EVidence dark uptake is more likely due to chemical exchange 
or physical adsorption (p. 86) rather than due to streptomycin 
sensitive biological activity. 
h) Evidence of the nature of the surface and noon-time depressions 
(pp. 81-90) so often reported in the productivity literature. 
i) Evidence that Hel stronger than 1 normal including its fumes 
for 10 minutes may result in seriously lowered productivity 
measurements. Hel washes with Hel between .001 and 1.0 
normal yield results which are higher than mere sea water 
rinses with no great difference between these concentrations 
being shovm (pp. 49-56 & 91). Hel fumes for ~ or 1 minute 
yield results significantly higher than any other treatment. 
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APPENDIX I 
(1964.) 
Raw Data from September-October Cruise No66 
and November-December Cruise No67 
As gathered by the Botany Department 
of the University of Hawaii 
Work done under contract AT-(04-3)-15 with the U. S. Atomic Energy Commission 
I-l 
Du:dn~ the latter part of 1961, vTe vTere provided with an 
opportunity to gather information on the ways primary productivity varies 
with the standing crop of zooplankton, phytoplankton, light and the 
hydrography of areas to the north and south of Hawaii. In addition and 
most inrpOl"tant, miscellaneous incubation technique comparisons were 
carried out. 
These investigations 'VTere made in conjunction with tw'O separate 
cruises. The cruise plan for each is shown as a track on Figure I. 
The first of these was aboard the U. S. C. & G. S. vessel "Pioneer", 
on cruise Project OPR 421, Phase II. The primary productivity 1Vork 01:' 
this cruise, 1-rhich left Honolulu on September 7, 1961 and returned on 
October 12th, ioTas conducted by .Mr. Roy Tsuda and Mr. Neil Shim of the 
Botany Dept., University of Hm,raii. Results are given in Table I. 
Throughout, incubation ,-ras in the 1961-type incubators. These 
are composed of 2 parts, a bank of' 8 "cool white" vlestinghouse 20-watt 
fluorescent tubes ove:c a tank of' \-I'ater. The tanl~ of water was at sea 
surface tempere;;.ture and the Hater "Tas just deep enough to cover the 
250 1111 sample bottles used as these lay on their sides. 
The incubator tanks were used for all light bottle incubations 
on both c:nlises. In come cases, the fluorescent light source described 
above ,las used and in other cases, sunlight vTas used. 
The four lJroductivity techniques employed are briefly described 
below, together 1-1i th the code number which identifies them on the data 
tables for No66. 
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Figure 1. Tracks made by the two cruises with which this 
appendix is concerned and which involved the U. S. c. & 
G. S. ship "Pioneer", NO 66 , and the U. S. s. "Rehoboth":, NO 67 • 
I-2 
depths of 6~l, 30, 16 and 1 as determined the previous noon. The samples 
were held in the 1961-type fluorescent incubator J des cribed above J .1i th 
neutral density filters for the respective depths. These samples were 
taken "rithin one hour after daylight or .Tithin one hour of local apparent 
noon. 
2. As technique #1 but without neutral denSity filters. 
30 As technique 111 with the filters, but with incubation in natural 
ambient sunlight. 
~·o As technique ~~l but with incubation in natural ambient sunlight and 
without neutral density filters. 
The symbols used for identification of the C!ard 5 data .Thich 
follow are shown below. 
VE - The vessel or area identification number or notebook 
reference. 
CR .. The cruise or notebook number. 
STA - Station number. 
NUM - The light bottle planchet number. 
H - Local zone time of the hour when the sample ,ms collected. 
Arrived at by d:L'opping the minutes as ~.~., 9: 32 PM 
becomes "21", 
DMY - Day, month and year. 
LAT - Latitude with seconds rounded off to the nearest I:linute. 
LONG - Longitude with seconds r'ounded off to the nearest minute. 
MS - Marsden statistical :cedangle. 
DPTH - Depth of sampJe in meters. 
1 - Field technique used. Asterisk indi cates negative value. 
PROD - Producti vi ty in terms of mg C Ih1.' . 1m3 . 
CHL A - Chlorophyll ~ 
CHL B - Chlorophyll E 
CHL C Chlorophyll oS 
TOTAL - Total ChlOl'Ophyll 
NAS - lifon-astacine carotinoids '; 
; 
AS - Astacine carotinoids 
1-3 
These pigments are in 
terms beJ.ieved to be the 
equivalent of milligrams 
per cubic meter. 
TABLE I. Productivity and pigment data, Pioneer, 1961 (N066). 
VE CR STA /'CUM H 0 M y LAT LONG MS DPTH 1 2 3 PROD CHL A CHI.. B CHL C TOTAL NiAS AS LT % VECR 
NO 66 0067 7003 13 09/09/61 2442N 16621W 089 0001 2 5 000.054 QO.12 00.08 00.89 01.09 0.07- 0.12 N066 5 
7003 0001 1 5 000.054 00.12 00.08 00.89 01.09 01.07- 0.12 5 
7004 0001 2 5 000.040 00.12 00.08 00.89 01.09 01.07- 0.12 5 
7004 0001 1 5 000.040 00.12 00.08 00.89 01.09 01.07- 0.12 5-
7006 0004 1* 5 000.008- 00.12 00.05 01.12 01.29 0'.07- 0.12 5 
7007 0004 1* S 000.022- 00.12 OO.OS 01.12 01.29 0.07- 0012 S 
7009 0004 2 5 000.051 00.12 00.05 01.12 01.29 01.07- 0.12 5 
7010 0004 2 5 000.061 00.12 00.05 01.12 01.29 0.07- 0.12 5 
7011 0018 1 5 000. 009 00.01 00.00 00.01- 00.00 0.00 0.00 5 
7012 0018 1 5 000.014 00.01 00.00 00.01- 00.00 01.00 0.00 5 
7014 0018 2 S 000.081 00.01 00.00 00.01- 00.00 0'.00 0.00 S 
7015 0018 2 5 000. 042 00.01 00.00 00.01- 00.00 0.00 0.00 5 
7016 0039 1 S 000.002 00.00 00.00 00.18 00.18 0,.05- 0.08 5 
7017 0039 1* 5 000.003- 00.00 00.00 00.18 00.18 0.05- 0.08 S 
7019 0039 2 5 000.056 00.00 00.00 00.18 00.18 0.05- 0.08 S 
7020 0039 2 5 000.085 00.00 00.00 00.18 00.18 01.05- 0.08 S 
7021 14 0084 t S 000.003 00.00 00.00 00.00 00.00 0,.02- 0.02 5 
7022 0084 1 5 000.002 00.00 00.00 00.00 00.00 0.02- 0.02 5 
7024 0084 2 5 000.053 00.00 00.00 00.00 00.00 0.02- 0.02 5 
7025 0084 2 5 000.056 00.00 00.00 00.00 00.00 0.02- 0.02 5 
0091 7026 06 10/09/61 2356N 16722W 0001 2 5 000.041 00.05 00.03- 00.28 00.30 0'.03- O.OS S 
7026 0001 1 5 000.041 00.05 00.03- 00.28 00.30 01.03- 0.05 S 
7027 0001 2 5 000.077 00.05 00.03- 00.28 00.30 01.03- 0.05 5 
7027 0001 1 S 000.077 00.05 00.03- 00.28 00.30 01.03- O.OS 5 
7029 0004 1 5 000.105 00.04- 00.02- 00.22 00.24 0.04- 0.07 5 
7030 0004 1 5 000.089 00.04 00.02- 00.22 00.24 0.04- 0.07 5 
7032 0004 2 5 000.223 00.04 00.02- 00.22 00.24 0,.04- 0.07 5 
7033 0004 2 5 000.182 00.04 00.02- 00.22 00.24 0,.04- 0.07 S 
7034 0018 1 5 000.032 00.02 00.03- 00.64 00.63 01.06- 0.07 5 
7035 0018 1 5 000.041 00.02 00.03- 00.64 00.63 0'.06- 0.07 5 
7036 0018 2 5 000.124 00.02 00.03- 00.64 00.63 01.06- 0.07 5 
7037 0018 2 5 000.158 00.02 00.03- 00.64 00.63 0..06- 0.07 5 
7038 0037 1 5 000.016 00.01 00.01 00.05 00.07 0.07- 0.07 5 
7039 0037 1 5 000.005 00.01 00.01 00.05 00.07 01.07- 0.07 5 
7041 0037 2 5 000.109 00.01 00.01 00.05 00.07 0'.07- 0.07 5 
7042 0037 2 5 000.168 00.01 00.01 00.05 00.07 0!.07- 0.07 5 
7043 0084 1* 5 000.004- 00.11 00.02 00.20 OO.B 01.03- 0.06 5 
7044 0084 1 5 000.002 00.11 00.02 00.20 00.33 01.03- 0.00 S 
7046 0084 2 5 000.095 00.11 00.02 00.20 00.33 01.03- 0.06 5 
7047 0084 2 5 000.076 00.11 00.02 00.20 00.33 01.03- 0.06 5 
0102 7054 13 2357Ni 16733104 0001 1 5 000.013 00.10 00.01 00.76 00.88 01.07- 0.14 5 
7055 0001 1 5 000.003 00.10 00.01 00.70 00.88 01.07- 0.14 5 
7057 0001 3 5 000.001 00.10 00.01 00.76 00.88 01.07- 0.14 5 
7058 0001 3 5 000.006 00010 00.01 00.76 00.88 0.07- 0.14 5 
7060 0004 1 5 000.024 00.10 00.02 00.98 OI.lO 0!.08- 0.17 5 
7061 0004 1 5 000.027 00.10 00.02 00.98 01.10 01.08- 0.17 5 
7063 0004 3 5 000.027 00.10 00.02 00.98 01.10 01.08- 0.17 5 
7064 0004 3 5 000.032 00.10 00.02 00.98 01.10 01.08- 0.17 5 
7066 0029 1 5 000.019 00.04 00.02 00.31 00.36 01.05- 0.06 5 H I 
7067 0029 1 5 000.004 00.04 00.02 00.31 00.36 01.05- 0.06 5 .e-
7069 0029 3 5 000$010 00.04 00.02 00.31 00.36 01.05- 0.06 5 
VE CR STA NU~I H D M Y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL. B CHL. C TOTAL NAS AS LT \\I vEeR 
NO 66 0102 701'0 13 10/09/61 2351N 16133W 089 0029 3 5 000.011 00.04 00.02 00.31 00.36 0.05- 0.06 N066 5 
1012 14 0059 1 5 000.000 00.10 00.08 00.62 00.80 0.09- 0.13 5 
1013 0059 1 5 000.004 00.10 00.08 00.62 00.80 0.09- 0.13 5 
1075 0059 3 5 000.010 00.10 00.08 00.62 00.80 0.09- 0.13 5 
1016 0059 3 5 000.006 00.10 00.08 00.62 00.80 0.09- 0.13 5 
1018 0086 1* 5 000.002- 00.01 00.06 OGe25 00.38 '0.06- 0.01 5 
1019 0086 1* 5 000.001- 00.01 00.06 00.25 00.38 0.06- 0.07 5 
1081 0086 3* 5 000.003- 00.01 00.06 00.25 00.38 0.06- 0.07 5 
1082 0086 3* 5 000.001- 00.01 00.06 00.25 00.38 0.06- 0.01 5 
0143 7093 08 11/09/61 2329N 17224W 090 0000 1 5 000.076 00.02 00.03 00.32 00.38 0.08- 0.09 5 
1094 0000 1 5 000e081 00.02 00.03 00.32 00.38 0.08- 0.09 5 
7096 0000 3 5 000.028 00.02 00.03 00.32 00038 0.08- 0.09 5 
7097 0000 3 5 000.026 00.02 00.03 00e32 00.38 0.08- 0.09 5 
7099 0004 1 5 000.055 00.05 00.07 00.27 00.39 0.06- 0.07 5 
7100 0004 1 5 000.050 00.05 00.07 00.21 00.39 0.06- 0.07 5 
71e12 0004 3 5 000.098 00.05 00.07 00.27 00.39 0.06- 0.07 5 
7103 0004 3 5 000.111 00.05 00.01 00 .. 21 00.39 0.06- 0.07 5 
7105 09 0029 1 5 000.012 00.06 00.04 00.28 00.38 ,0.05- 0.08 5 
1106 0029 1 5 000.010 00.06 00.04 00.28 00.38 '0.05- 0.08 5 
7108 0029 3 5 000.096 00.06 00-04 00.28 00.38 '0.05- o.oa 5 
1109 0029 3 5 000.102 00.06 00.04 00..28 00.38 '0.05- o.oa 5 
7111 0059 liO 5 000.001- 00.06 00.06 00.35 00.47 'O.07~ 0.10 5 
7112 0059 1* 5 000.008- 00.06 00.06 00.35 00.41 '0.07- 0.10 5 
7114 0059 3 5 000.039 00.06 00·06 00.35 00.47 (}'07- Oe10 5 
7115 0059 3 5 000.051 00.06 00.06 00.35 00.47 0.07- 0.10 5 
1117 0086 1 5 000.005 00.05 00.02- 00.29 00.33 0.07- 0.09 5 
1118 0086 I 5 000.001 00.05 00.02- 00.29 00.33 0.07- 0.09 5 
1120 00.86 3 5 000.011 00.05 00.02- 00.29 00.33 0.07- 0.09 5 
1121 0086 3 5 000.015 00.05 00.02- 00.29 00.33 0.07- 0.09 5 
0148 7123 12 I12Z6W 0000 1 5 000.029 00.05 00.02 00.36 00.44 0.05- 0.08 5. 
7124 0000 1 5 000.020 00.05 00.02 00.36 00.44 0.05- 0.08 5.. 
7126 0000 4- 5 000.032 00.05 00.02 00.36 00.44 ,0.05- 0.08 5 
7121 0000 4 5 000.021 00.05 00.02 00.36 00.44 '0.05- 0.08 5 
1129 0004 1 5 000.034 00.02 00.03 00.16 00.20 10.04- 0.05 5 
7130 0004 1 5 000.030 00.02 00.03 00.16 00.20 '0.04- 0.05 5 
7132 0001t 4- 5 0.00.040. 00.02 00-03 00.16 00.20 ">'04- 0..05 5 
7133 0004 4 5 000.029 00.02 00.03 00.16 00.20 '0.04- 0.05 5 
7135 0030 1 5 000.007 00.0.0 00.00 0.0.00 00.00 ,0.00 0.00 5 
7136 00.30 1 5 000.010 00..0.0 00.00 00.00 0.0..00. 0..00 0.00 5 
1138 0030 4 S 000.046 00.0.0 00.00 00.00 00..00 0.00 0.00 5 
7139 0030 4 5 000.055 00.0.0 00.00 00.0.0 00..00 0.00 0.00 5 
7141 0057 1 5 000.001 00.0.2 00.02- 00.32 00.32 0..06- 0.07 5 
1142 0057 1 5 000.009 00.0.2 00..02- 0.0..32 00..32 0.06- 0.01 5 
1144 0.051 
'" 
5 000.029 00.02 0.0.02- 00.32 0.0..32 0.06- 0.07 5 
7145 0057 4- 5 000.031 00.02 00.02- 00.32 00.32 0.06- 0.07 5 
1141 0092 1 5 000.000 00.01 0.0 .. 01- 00.21 00.21 10.05- 0.06 5 
1148 00.92 1 5 000.002 00.01 00.01- OClc21 00.21 10.05- 0.06 5 
7150 0092 4 5 000.022 00.01 00.01- 00.21 0.0.21 10.05- 0.06 5 
7151 0092 4 5 000.028 00.01 00.01- 00.21 00.21 1:l.05- 0.06 5 
0191 7153 08 12/09/61 2325N 17748W 0000 1 5 000.034 00.02 00.00 00.35 00.31 1:>.06- 0.05 5 H I 
7154 0000 1 5 000.069 00.02 00·00 00.35 00.37 10.06- 0.05 5 V1 
7156 0000 4 5 000.152 00.02 00'00 00.35 00.31 1:>.06- 0.05 5 
VE CR STA NUM H 0 M y LAT LONG MS DPTH 1 2 3 PROD CHl A CHL B CHL C TOTAL HAS AS LT 
" 
VECR 
NO 66 0191 7157 08 12109/61 2325N 17748W 090 0000 4 5 000.127 00.02 00.00 00.35 00.37 ().06- 0.05 N066 5 
7158 0004 1 5 000.054 00.00 00.00 00.00 00.00 C).03- 0.04 5 
7159 0004 1 5 000.056 00.00 00.00 00.00 00.00 C).03- 0.04 5 
7161 0004 4 5 000.050 00.00 00.00 00.00 00.00 0.03- 0.04 5 
7162 0004 4 5 000.041 00.00 00.00 00.00 00.00 0.03- 0.04 5 
7163 0030 1 S 000.011 00.00 00.00 00.00 00.00 0.06- 0.04 5 
7164 0030 1 5 000.011 00.00 00.00 00.00 00.00 ').06- 0.04 5 
7166 0030 Ie. 5 000.072 oo~oo 00.00 00.00 00.00 CI.06- 0.04 5 
7167 0030 l:- S 0000001 00 .. 00 00.00 00.00 00.00 CI.06- 0.04 5 
7168 0057 1 5 000.051 00.03 00.02 00.15 00.20 CI.04- 0.06 5 
7169 0051 1* 5 OOOe010- 00.03 00.02 00.15 00.20 0.04- 0.06 5 
7171 0051 4* 5 000.009- 00.,03 00.02 00.15 00.20 0.04- 0.06 5 
7112 0057 4* 5 000.004- OO~O3 00 .. 02 00.15 00.20 0.04- 0.06 5 
7173 0092 1 5 000.043 (!Q~02 00.00 00.19 00.21 CI.01- 0.02 5 
7174 0092 1 5 000,,001 00.02 OO~OO 00.,19 00.21 C).Ol- 0.02 5 
7176 0092 ~ 5 000&001 00 .. 02 OOeOO 00.19 00.21 CI,,01- Oe02 5 
7177 0092 4 5 OOOs009 00e02 00.00 OOs19 00.21 CI.Ol- 0.02 5 
0194 71713 14 2322N 17758W 0000 1* 5 000.068- 00e02 00000 00.19 00.21 0.03- 0.04 5 
7179 0000 1* 5 000.063- 00.02 00.00 00sl9 00.21 0.03- 0.04 5 
7181 0000 2* 5 000.055- 00.02 00.00 00.19 00.21 0.03- 0.04 5 
7182 0000 2* 5 000.056- OOc02 00.00 00.19 00.21 0.03- 0.04 5 
7183 0006 Iii> S 000.012~ 00.06 00.03 00.59 00.67 CI.06- 0.11 5 
1184- 0006 Iii- 5 000.017- 00.06 00.03 00.59 00.67 Clio 06- 0.11 5 
7186 0006 2* 5 000.010- 00.06 00.,03 00.59 00.67 01.06- 0.11 5 
7181 0006 2* 5 000.029- 00.06 00c03 00.59 00.67 0.06- 0.11 5 
718a 0029 1 5 000.007 00006 00.03 00.45 00.54 0.02- 0.08 5 
7189 0029 1 5 000.007 00.06 00.03 00.45 00.54 0.02- O.OS 5 
7191 0029 2 5 000.056 00 .. 06 00.03 00.45 00.54 0.02- 0.08 5 
7192 0029 2 5 000.038 OO~O6 00.03 00.45 00.54 0'.02- 0.08 5 
1193 0043 1 5 000.003 00.06 00.01- 00.36 00.42 0'.01 0.04 5 
719~ 0043 1 5 000&002 00.06 00.01- 00.36 00.42 0.01 0.04 5 
719() 0043 2 5 000.027 00.06 00.01- 00.36 00.42 0.01 0.04 5 
7191 0043 2 5 000.008 00e06 00.01- 00.36 00 .. 42 0.01 0.04 5 
11911 0096 1 5 000.017 OO~03 00.03- 00&35 00.34 0.05- 0.06 5 
7199 0096 l~ 5 000.041- 00 .. 03 00.03- 00.35 00.34 0.05- 0.06 5 
7201 0096 2* S 000.049- 00.03 00.03- 00.35 00.34 0.05- 0.06 5 
7202 0096 2* 5 000.042- 00.03 00003- 00.35 00.34 0.05- 0.06 5 
0229 7203 07 13/09/61 2555N 17730W 0000 1 5 000.004 00.01 00.02 00.10 00.12 0.01- 0.02 5 
120~~ 0000 1 5 000.015 00.01 00002 00.10 00.12 0.01- 0002 5 
7206 0000 2 5 000.007 00.01 00.02 00 .. 10 00.12 0.01- 0 .. 02 5 
7201 0000 2* 5 000.010- 00.01 00·02 00.10 00.12 0.01- 0.02 5 
7208 0006 1 5 000.031 00.00 00.00 00.05 00.04 0.00 0.00 5 
7209 0006 1 5 000.009 00.00 00.00 00.05 00.04 0.00 0.00 5 
7211 0006 2 5 000.045 00.00 00.00 00.05 00.04 0.00 0.00 5 
7212 0006 2 5 000.038 00.00 00.00 00.05 00.04 0.00 0.00 5 
7213 0029 1 5 0000001 00.03 00.04 00.11 00.19 0.03- 0.06 5 
7214 0029 1 5 000.012 00.03 00.04 00.11 00.19 0.03- 0.06 5 
72H. 0029 2 5 000.028 00.03 00.04 00.1l 00.19 0.03- 0.06 5 
7211 0029 2 5 000.022 00.03 00.04 00.11 00.19 0.03- 0.06 5 
7218 0043 1* 5 000.004- 00.01 00.01- 00.04 00.04 0.01- 0.02 5 H I 
7219 0043 1 5 000.004 00.01 00.01- 00.04 00.04 0.01- 0.02 5 0\ 
7221 0043 2 5 000.034 00.01 00.01- 00.04 00.04 0.01- 0.02 5 
VE CR STA NUM H 0 M y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL HAS AS LT S VEeR 
NO 66 0229 7222 07 13/09/61 2555N 17730W 090 0043 2 5 000.026 00.01 00.01- 00.04 00.04 CI.Ol- 0.02 N066 5 
7223 0096 1* 5 000.003- 00.04 00.02 00.26 00.32 01.01- 0.04 5 
7224 0096 1* 5 000.007- 00.04 00.02 00.26 00.32 (;1.01- 0.04 5 
722() 0096 2 5 000.017 00.04 00.02 00.26 00.32 0.01- 0.04 5 
7227 0096 2 5 000.018 00.04 00.02 00.26 00.32 0.01- 0.04 5 
0316 7266 13 15/09/61 3121N 17722W 126 0000 1* 5 000.002- 00.01 00.01- 00.04 00.04 01.01- 0.03 5 
7267 0000 1 5 000.027 00.01 00.01- 00.04 00.04 0.01- 0.03 5 
7269 0000 3 5 000.078 00.01 00.01- 00.04 00.04 0.01- 0.03 5 
7270 0000 3 5 000.069 00.01 00.01- 00.04 00.04 0.01- 0.03 5 
727lL 0004 1 5 000.024 00.05 00.03 00.25 00.33 0.05- 0.07 5 
7272 0004 1 5 000.022 00.05 00.03 00.25 00.33 0.05- 0.07 5 
7274 0004 3 5 000.067 00.05 00.03 00.25 00.33 0.05- 0.07 5 
7275 000 .. 3 5 000.069 00.05 00.03 00.25 00.33 0.05- 0.07 5 
7276 0016 1* 5 000.001- 00.03 00.03- 00.26 00.26 0.01 0.02 5 
7277 0016 1 5 000.002 00.03 00.03- 00.26 00.26 0.01 0.02 5 
7279 0016 3 5 000.048 00.03 00.03- 00.26 00.26 0.01 0.02 5 
7280 0016 3 5 000.030 00.03 00.03- 00.26 00.26 0.01 0.02 5 
7281 0027 1 5 000.002 00.00 00.00 00.00 00.00 0.00 0.00 5 
7282 0027 1 5 000.005 00.00 00.00 00.00 00.00 0.00 0.00 5 
7284 0027 3 5 000.000 00.00 00.00 00.00 00.00 0.00 0.00 5 
7285 0027 3 5 000.013 00.00 00.00 00.00 00.00 0.00 0.00 5 
7286 0044 1* 5 000.001- 00.12 00.01- 00.67 00.77 0.07- 0.07 5 
7281' 0044 1 5 000.002 00.12 00.01- 00.67 00.77 0.07- 0.07 5 
7289 0044 3* 5 000.002- 00.12 00.01- 00.67 00.77 0.07- 0.07 5 
7290 0044 3 5 000.005 00.12 00.01- 00.67 00.77 0.07- 0.07 5 
0349 7300 07 16/09/61 331SN 17719W 0000 1 5 000.103 00.00 00.02- 00.63 00.62 0.05- 0.04 5 
7301 0000 1 5 000.097 00.00 00.02- 00.63 00.62 0.05- 0·04 5 
7303i 0000 4 5 000.138 00.00 00.02- 00.63 00.62 0.05- 0.04 5 
7304· 0000 4 5 000.105 00.00 00.02- 00.63 00.62 0.05- 0.04 5 
7305 0004 1 5 000.070 00.01 00.01 0.0.40 00.42 0.04- 0.03 5 
7306 0004 1 5 000.079 00.01 00.01 00.40 00.42 0.04- 0.03 5 
730B 0004 4 5 000.155 00.01 00.01 00.40 00.42 0.04- 0.03 5 
7309 0004 4 5 000.129 00.01 00.01 00.40 00.42 0.04- 0.03 5 
7310 0016 1 5 000.025 00.13 00.07- 00.27 00.32 0.03- 0.03 5 
7311 0016 1 5 000.026 00.13 00.07- 00.27 00.32 0.03- 0.03 5 
7313 0016 4 5 000.161 00.13 00.07- 00.27 00.32 0.03- 0.03 5 
7314 0016 4 5 000.183 00.13 00.07- 00.27 00.32 0.03- 0.03 5 
7315 0027 1 5 000.011 00.06 00.09- 00.74 00.71 0.09- 0.08 5 
7316 0027 1 5 000.004 00.06 00.09- 00.74 00.71 0.09- 0.08 5 
7318 0027 4 5 000.102 00.06 00.09- 00.74 00.71 0.09- O·OB 5 
7319 0027 4 5 000.101 00.06 00.09- 00.74 00.71 0.09- 0.08 5 
7320 0044 1* 5 000.002- 00.06 00.02- 00.36 00.41 0.03- 0.03 5 
7321 0044 1* 5 000.003- 00.06 00.02- 00.36 00.41 0.03- 0.03 5 
7323 0044 4 5 000.141 00.06 00.02- 00.36 00.41 0.03- 0.03 5 
7324 0044 4 5 000.129 00.06 00.02- 00.36 00.41 0.03- 0.03 5 
0363 7325 13 3439N 17716W 0000 1 5 000.092 00.06 00.02- 00.26 00.30 0.02- 0.02 5 
7326 0000 1 5 000.081 00.06 00.02- 00.26 00.30 0.02- 0.02 5 
7328 0000 4 5 000.109 00.06 00.02- 00.26 00.30 0.02- 0.02 5 
7329 0.000 4 5 000.131 00.06 00.02- 00.26 00.30 0.02- 0.02 5 
7330 0002 1 5 000.042 00.05 00.04 00.25 00.34 0.05- 0.04 5 H I 7331 0002 1 5 000.035 00.05 00.04 00.25 00.34 0.05- 0.04 5 ~ 
7333 0002 4 5 000.107 00.05 00.04 00.25 00.34 0.05- 0.04 5 
VE CR STA NUM H 0 M Y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHLC TOTAL NAS AS LT \Ii VEeR 
NO 66 0:363 7334 13 16/09/61 3439N 17716W 126 0002 4 5 000.115 00.05 00.04 00.25 00.34 0.05- 0.04 N066 5 
7335 14 0008 1 5 000.005 00.05 00.02 00.26 00.36 0.04- 0.04 5 
7336 0008 1 5 000.013 00.05 00.02 00.28 00.36 0.04- 0.04 5. 
7338 0008 4 5 000.144 00.05 00.02 00.28 00.36 CI.04- 0.04 5 
7339 0008 4 5 000.108 00.05 00.02 00.28 00.36 0.04- 0.04 5 
7340 0019 1 5 000.007 00.08 00.06 00.33 00.46 C~.OO 0.03 5 
7341 0019 1 5 000.008 00.08 00·06 00.33 00.46 CI.OO 0.03 5 
7343 0019 4 5 000.110 00.08 00.06 00.33 00.46 C~.OO 0.03 5 
7344 0019 4 5 000.095 00.08 00.06 00.33 00.46 CI.OO 0.03 5 
7345 0038 1* 5 000.004- 00.29 00.30 01.86 02.45 C).13- 0.26 5 
7346 0038 1 5 000.017 00.29 00.30 01.86 02.45 C~ .13- 0.26 5 
734,8 0038 4 5 000.105 00.29 00.30 01.86 02.45 0.13- 0.26 5 
734'9 0038 4 5 000.123 00.29 00.30 01.86 02.45 0.13- 0.26 5 
0397 7350 07 17/09/61 3653N 17721W 0000 1 5 000.101 00.15 00.13 00.94 01.23 0.02- 0.07 5 
7351 0000 1 5 000.136 00.15 00.13 00.94 01.23 0.02- 0.07 5 
7353 0000 3 5 000.161 00.15 00.13 00.94 01.23 0.02- 0.07 5-
735·~ 0000 :3 5 000.155 00.15 00.13 00.94 01.23 0.02- 0·07 5 
7355 0002 -I 5. 000.076 00.13 00.16 01.12 01.40 0.08- 0.06 5 
7356 0002 1 5 000.085 00.13 00.16 01.12 01.40 CI.08- 0.06 5 
1358 0002 3 5 000.139 00.13 00.16 01.12 01.40 c).08- 0.06 5 
7359 0002 3 5 000.156 00.13 00.16 01.12 01.40 CI.08- 0.06 5 
7360 0008 1 5 000.033 00.10 00.08 00.60 00.78 CI.02 0.01 5 
7361 0008 1 5 000.026 00.10 00.08 00.60 00.78 CI.02 0.01 5 
7363 0008 3 5 000.151 00.10 00.08 00.60 00.78 CI.02 0.01 5 
7364 0008 3 5 000.160 00.10 00.08 00.60 00.76 (1.02 0.01 5 
736~5 0019 1* 5 000.001- 00.13 00.13 00.67 00.93 0.09- 0.09 5 
7366 0019 1 5 000.004 00.13 00.13 00.67 00.93 0.09- 0.09 5 
7361~ 0019 3 5 000.044 00.13 00.13 00.67 00.93 0.09- 0.09 5 
7369 0019 3 5 000.074 00.13 00.13 00.67 00.93 (1.09- 0.09 5 
7370 08 0038 1 5 000.002 00.09 00.12 00.74 00.95 0.02- 0.04 :; 
7371 0038 1 5 000.000 00.09 00.12 00.74 00.95 0.02- 0.04 :; 
7373 0038 3* 5 000.001- 00.09 00.12 00.74 00.95 0.02- 0.04 5 
7374 0038 3 5 000.013 00.09 00.12 00.74 00.95 CI.02- 0.04 5 
0481 7387 13 19/09/61 4035N 17704W 162 0000 2 5 000.257 00.07 00·04 00.36 00.46 CI.02- 0.04 5 
7387 0000 1 5 000.257 00.07 00.04 00.36 00.46 CI.02- 0.04 5 
7388 0000 2 5 000.239 00.07 00.04 00.36 00.46 CI.02- 0.04 5 
7388 0000 1 5 000.239 00.07 00.04 00.36 00.46 0.02- 0.04 5 
7390 0003 1 5 000.214 00.08 00.01- 00.62 00.70 0.01- 0.04 5 
7391 0003 1 5 000.229 00.08 00.01- 00.62 00.70 CI.Ol- 0.04 5 
7393 0003 2 5 000.308 00.08 00.01- 00.62 00.70 0.01- 0.04 5 
739/+ 0003 2 5 000.291 00.08 00.01- 00.62 00.70 0.01- 0.04 5 
7395 0017 1 5 000.101 00.06 00·08 00.38 00.52 0.03- 0.02 5 
139~) 0017 1 5 000.086 00.06 00 .. 08 00.38 00.52 0.03- 0.02 5 
7398 0017 2 5 000.325 00.06 00.08 00.38 00.52 0.03- 0.02 5 
7399 0017 2 5 000.315 00.06 00.08 00.38 00.52 0.03- 0.02 5 
7400 0031 1 5 000.052 00.11 00·00 00.53 00.64 0.04- 0.05 5 
7401 0031 1 5 000.043 00.11 00.00 00.53 00.64 et.04- 0.05 5 
7403 0031 2 5 000.330 00.11 00.00 00.53 00.64 CI.04- 0.05 5 
7404 0031 2 5 000.303 00.11 00.00 00.53 00.64 CI.04- 0.05 5 
7405 14 0053 1* 5 000.004- 00.12 00.13 00.28 00.53 CI.OO 0.05 5 H I 7406 0053 1* 5 000.015- 00.12 00.13 00.28 00.53 CI.OO 0.05 5 0:> 
7408 0053 2 5 000.394 00.12 00.13 00.28 00.53 CI.OO 0.05 5 
VE CR STA NU,,"I H D M Y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL e TOTAL I'IAS AS LT S VEeR 
NO 66 0481 7409 14 19/09/61 4035N 11704W 162 0053 2 5 000.351 00.12 00013 00.28 00.53 0.00 0.05 N066 5 
0515 7410 07 20/09/61 4223N 17657W 0000 2 5 000.362 00.06 00.10 00.26 00.42 ~)o 03- 0.06 5 
7410 0000 1 5 000.362 00.06 00.10 00.26 00.42 ~). 03- 0.06 5 
7411 0000 2 5 000.342 00.06 00.10 00.26 00.42 0.03- 0.06 5 
7411 0000 1 5 000.342 00.06 00.10 00.26 00.42 ()O03- 0.06 5 
7413 0003 1 5 000.330 00.03 00.18 00.25- 00.04- 0.03- 0.03 5 
7414 0003 1 5 000.367 00.03 00.18 00.25- 00.04- 0.03- 0.03 5 
7416 0003 2 5 000.450 00.03 00.18 00.25- 00.04- ().03- 0.03 5 
7417 0003 2 5 000.468 00.03 00.18 00.25- 00.04- 0.03- 0.03 5 
7418 0017 1 5 000.134 00.07 00.04 00.58 00.69 0.01- 0.04 5 
7419 0017 1 5 000.143 00.07 00.04 00.58 00.69 0.01- 0.04 5 
7421 0017 2 5 000.442 00.07 00.04 00.58 00.69 0.01- 0.04 5 
1422 0017 2 5 000.473 00.07 00·04 00.58 00.69 C).01- 0.04 5 
7423 0031 1 5 000.030 00.03 00.07 00.22 00.33 c).01 0.02 5 
142'~ 0031 1 5 000.044 00.03 00.07 00.22 00.33/ 0.01 0.02 5 
7426 0031 2 5 000.516 00.03 00.07 00.22 00.33 ().01 0.02 5 
1427 0031 2 5 000.591 00.03 00.07 00.22 00.33 (1.01 0.02 5 
7426 0053 -I 5 000.009 00.10 00.13 00.02 00.25 0.01- 0.04 5 
7429 0053 1 5 000.010 00.10 00.13 00.02 00.25 C).Ol- 0.04 5 
7431 0053 2 5 000.391 00.10 00.13 00.02 00.25 CI.01- 0.04 5 
7432 0053 2 5 000.398 00.10 00.13 00.02 00.25 0.01- 0.04 5 
0567 7469 14 21/09/61 4551N 17644W 0000 1 5 000.420 00.24 00.22 00.12- 00.35 CI.19 0.00 5 
7470 0000 1 5 000.402 00.24 00.22 00.12- 00.35 0.19 0.00 5 
74n 0000 3 5 000.444 00.24 00.22 00.12- 00.35 0.19 0.00 5 
7473 0000 3 5 000.515 00.24 00.22 00.12- 00.35 CI.19 0.00 5 
7471• 0002 1 5 000.374 00.16 00·05 00.12 00.33 0.03 0.02 5 7475 0002 1 5 000.375 00.16 00.05 00.12 00.33 0.03 0.02 5 
7471 0002 3 5 000.572 00.16 00.05 00.12 00.33 01.03 0.02 5 
7478 0002 3 5 000.612 00.16 00.05 00.12 00.33 0.03 0.02 5 
7479 0018 1 5 000.233 00.15 00·03 00.21- 00.03- 0.02 0.01 5 
7480 0018 1 5 000.299 00.15 00.03 00.21- 00.03- 0.02 0.01 5 
748"~ 0018 3 5 000.536 00.15 00.03 00.21- 00.03- 0.02 0.01 5 
7483 0018 3 5 000.387 00.15 0~"03 00.21- 00.03- 0.02 0.01 5 
7484 0027 1 5 000.150 00.18 00.13 00.28 00.59 0.01 0.03 5 
748~i 0027 1 5 000.097 00.18 00.13 00.28 00.59 0.01 0.03 5 
7487 0021 3 5 000.234 00.18 00.13 00.28 00.59 0.01 0.03 5-
1488 0021 3 5 000.193 00.18 00.13 00.28 00.59 0.01 0.03 5 7489 0039 1 5 000.016 00.10 00.15 00.30- 00.05- 0.01 0.03 5 
7490 0039 1 5 000.147 00.10 00.15 00.30- 00.05- 0.01 0.03 5 
7492 0039 3 5 000.028 00.10 00.15 00.30- 00.05- 0.01 0.03 5 
74931 0039 3 5 000.037 00.10 00.15 00.30- 00.05- 0.01 0.03 5 
0589 7503 07 22/09/61 4637N 0000 1 5 000.350 00.21 00.18 00.21 00.66 0.01 0·06 5 7501!. 0000 1 5 000.358 00.27 00.18 00.21 00.66 0.01 0.06 5 
750E, 0000 3 5 000.433 00.27 00.18 00.21 00.66 0.01 0.06 5 
7507 0000 3 5 000.511 00.27 00.18 00.21 00.66 0.01 0.06 5 
7508; 0002 1 5 000.305 00.11 00.03 00.22 00.36 0.05 0.01 5 
7509 0002 1 5 000.263 00.11 00.03 00.22 00.36 0.05 0.01 5 
7511 0002 3 5 000.501 00.11 00.03 00.22 00.36 0.05 0.01 5 
7512 0002 3 5 000.624 00.11 00.03 00.22 00.36 0.05 0.01 5 
7513 0018 1 5 000.095 00.04 00.00 00.23 00.27 0.02 0.01 5 H I 7514 0018 1 5 000.086 00.04 00-00 00.23 00.27 0.02 0.01 5 \0 
7516 0018 3 5 000.320 00.04 00.00 00.23 00.27 0.02 0.01 5 
VE CR STA NUM H D M Y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT 'I VECR 
NO 66 0589 7517 07 22/09/61 4637N 17644W 162 0018 3 5 000.422 00.04 00.00 00.23 00.27 0,.02 0.01 N066 5 
7518 0027 1 5 000.021 00.16 00.08 00.42 00.67 0,.03 0.04 5 
7519 0027 1 5 000.026 00.16 00.08 00.42 00.67 0,.03 0.04 5 
7521 0027 3 5 000.162 00.16 OO.OS 00.42 00.67 0.03 0.04 5 
7522 0027 3 5 000.221 00.16 00.08 00.42 00.67 0.03 0.04 5 
7523 a039 1* 5 000.065- 00.06 00.01- 00.21 00.26 0,.02 0.03 5 
7524 0039 1* 5 000.058- 00.06 00.01- 00.21 00.26 0 .• 02 0.03 5 
7526 a039 3* 5 ,000.025- 00.06 00.01- 00.21 00.26 0,.02 0.03 5 
7527 0039 3* 5 000.020- 00.06 CO.Ol- 00.21 00.26 0.02 0.03 5 
0604 7531 13 4805N 17636W 0000 1 5 000.398 00.11 00.08 00.53 00.73 0.01 0.06 5 
7532 oaoo 1 5 000.371 00.11 00.08 00.53 00.73 0 .. 01 0.06 5 
7534 0000 4 5 000.254 00.11 00.08 00.53 00.73 0 .. 01 0.06 5 
7535 0000 4 5 000.186 00.11 00.08 00.53 00.73 0.01 0.06 5 
7536 0002 1 5 000.269 00.11 00.01 00.58 00.11 0.00 0.07 5 
7537 0002 1 5 000.300 00.11 00.01 00.58 00.71 0.00 0.07 5 
7539 0002 4 5 000.318 00.11 00·01 00.58 00.71 0 .. 00 0.07 5 
7540 0002 4 5 000.295 00.11 00.01 00.58 00.71 0,.00 0.07 5 
7541 0009 '1 5 000.134 00.09 09·03 00.37 00.49 0.01 0.04 5 
7542 0009 1 5 000.180 00.09 00.03 00.37 00.49 0.01 0.04 5 
7544 0009 4 5 000.343 00.09 00·03 00.37 00.49 0 .. 01 0.04 5 
7545 0009 4 5 000.305 00.09 00.03 00.37 00.49 0 .. 01 0.04 5 
7546 0022 1 5 000.088 00.07 00.05 00.24 00.36 0 .. 00 0.05 5 
7547 0022 1 5 000.067 00.07 00.05 00.24 00.36 0.00 0.05 5 
7549 0022 4 5 000.358 00.07 00.05 00.24 00.36 0.00 0.05 5 
7550 0022 4 5 000.305 00.07 00·05 00.24 00.36 0 .. 00 0.05 5 
7551 14 0049 1 5 000.002 00.06 00.04 00.01 00.11 0 .. 03 0.02 5 
1552 0049 1 5 000.004 00.06 00.04 00.01 00.11 0.03 0.02 5 
7554 0049 4 5 000.020 00.06 00.04 00.01 00.11 0.03 0.02 5 
7555 0049 4 5 000.053 00.06 00.04 00.01 00.11 0.03 0.02 5 
0640 7556 07 23/09/61 5022N 17633W 198 0000 1 5 002.097 00.53 00.21 00.94 01.69 0 .. 02- 0.16 5 
7557 0000 1 5 001.651 00.53 00.21 00.94 01.69 0 .. 02- 0.16 5 
7559 0000 4 5 001.571 00.53 00.21 00.94 01.69 0.02- 0.16 5 
7560 0000 4 5 001.426 00.53 00.21 00.94 01.69 0.02- 0.16 5 
7561 0002 1 5 002.379 00.45 00.14 00.95 01.54 0 .. 03- 0.21 5 
7562 0002 1 5 001.577 00.45 00.14 00.95 01.54 0 .. 03- 0.21 5 
7564 0002 4 5 001.441 00.45 00.14 00.95 01.54 0 .. 03- 0.21 5 
7565 0002 4 5 001.418 00.45 00.14 00.95 01.54 0.03- 0.21 5 
7566 0009 1 5 000.977 00.19 00.01 00.14 00.34 0.02- 0.06 5 
7567 0009 1 5 000.785 00.19 00.01 00.14 00.34 0.,02- 0.06 5 
7569 0009 4 5 001.689 00.19 00.01 00.14 00.34 0 .. 02- 0.06 5 
7570 0009 4 5 001.525 00.19 00.01 00.14 00.34 0.02- 0.06 5 
7571 0022 1 5 000.429 00.38 00.19 00.71 01.27 0.20- 0.17 5 
7512 0022 1 5 000.399 00.38 00.19 00.71 01.27 0.20- 0.17 5 
7574 0022 4 5 001.409 00.38 00.19 00.71 01.27 0.,20- 0.17 5 
7575 0022 4 5 001.361 00.38 00.19 00.71 01.27 0.,20- 0.17 5 
7576 0049 1* 5 000.055- 00.12 00.03 00.24 00.39 0.20 0·01- 5 
7577 0049 1* 5 000.059- 00.12 00.03 00.24 00.39 0.20 0.01- 5 
7579 0049 4 5 000.093 00.12 00.03 00.24 00.39 0.20 0.01- 5 
7580 0049 4 5 000.006 00.12 00.03 00.24 00.39 0.,20 0.01- S 
0646 7611 14 5028N 17627W 0000 2 5 001.550 00.56 00.18 00.86 01.60 0.,02- 0.16 5 H I 
7611 0000 1 5 001.550 00.56 00.18 00.86 01.60 0.02- 0.16 5 f-' 0 
7612 0000 2 5 001.323 00.56 00.18 00.86 01.60 0.02- 0.16 5 
VE CR STA HUM H 0 M y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT , VECR 
NO 66 0646 7612 14 23/09/61 5028N 17627W 198 0000 1 5 001.323 00.56 00.18 00.86 01.60 0.02- 0,16 N066 5 
7614 0002 1 5 001.426 00.26 00.11 00.59 00.96 0.01- 0.10 5 
7615 0002 1 5 001.425 00.26 00.11 00.59 00.96 0 •• 01- 0.10 5 
7617 0002 2 5 000.752 00.26 00.11 00.59 00.96 0 •• 01- 0.10 5 
7618 0002 2 5 000.613 00.26 00.1l 00.59 00.96 0 •• 01- 0.10 5 
7619 0006 1 5 000.719 00.15 00·09 00.36 00.60 0 .. 00 0.04 5 
7620 0006 1 5 000.599 00.15 00.09 00.36 00.60 0 .. 00 0.04 5 
7622 0006 2 5 000.582 00.15 00.09 00.36 00.60 0 .. 00 0.04 5 
7623 0006 2 5 000.666 00.15 00.09 00.36 00.60 0 .. 00 0.04 5 
7624 0010 1 5 000.271 00.12 00.04 00.15 00.31 0.03 0.01 5 
7625 0010 1 5 000.308 00.12 00.04 00.15 00.31 0.03 0.01 5 
7621 0010 2 5 000.619 00.12 00.04 oo.is 00.31 0.03 0.01 5 
7628 0010 2 5 000.709 00.12 00·04 00.15 00.31 0.03 0.01 5 
7629 0021 1 5 000.027 00.19 00.07 00.38 00.64 0.00 0.03 5 
7630 0021 1 5 000.021 00.19 00.07 00.38 00.64 0.00 0.03 5 
7632 0021 2 5 000.638 00.19 00.07 00.38 00.64 0.00 0.03 5 
7633 0021 2 5 000.680 00.19 00.07 00.38 00.64 0.00 0.03 5 
1092 7634 11 27/09/61 5133N 16840W 197 0000 1 5 000.448 00.18 00.23 00.69 01,10 0 .. 04- 0.15 5. 
7635 0000 1 5 000.432 00.18 00.23 00.69 01.10 0 .. 04- 0.15 5. 
7637 0000 3 5 000.263 00.18 00.23 00.69 01.10 0 .. 04- 0.15 5 
7638 0000 3 5 000.230 00.18 00.23 00.69 01.10 0,,04- 0.15 5 
7639 12 0001 1 5 000.291 00.11 00.08 00.51 00.70 0 .. 05- 0.10 5 
7640 0001 1 5 000.331 00.11 00.08 00.51 00.70 0 .. 05- 0.10 5 
7642 0001 3 5 000.230 00.11 00.08 00.51 00.70 0,,05- 0.10 5 
7643 0001 3 5 000.233 00.11 00.08 00.51 00.70 0.05- 0.10 5 
7644 0003 1 5 000.290 00.03 00.00 00.01 00.03 0.02 0.00 5 
7645 0003 1 5 000.216 00003 00.00 00.01 00.03 0.02 0.00 5 
7647 0003 3 5 000.183 00.03 00.00 00.01 00.03 0.02 0.00 5 
7648 0003 3 5 000.188 00.03 00.00 00.01 00.03 0.02 0.00 5 
7649 0010 1 5 000.093 00.10 00.05 00.61 00.75 0.02- 0.06 5 
7650 0010 1 5 000.094 00.10 00.e5 00.61 00.75 0.02- 0.06 5 
7652 0010 3 5 000.107 00.10 00.05 00.61 00.75 0 .. 02- 0.06 5 
7653 0010 3 5 000.092 00.10 00.05 00.61 00.75 0 .. 02- 0.06 5 
7654- 0025 1* 5 000.005- 00.00 00.00 00.00 00.00 0 .. 00 0.00 5 
7655 0025 1* 5 000.005- OO.OQ 00.00 00.00 00.00 0 .. 00 0.00 5 
7657 0025 3 5 000.031 00.00 00.00 00.00 00.00 0 .. 00 0.00 5 
7658 0025 3 5 000.021 00.00 00.00 00.00 00.00 0 .. 00 0.00 S-
1131 7668 07 28/09/61 5149N 16301W 0000 1 5 000.519 00.16 00·08 00.06- 00.17 0 .. 05- 0.04 5 
7669 0000 1 5 000.524 00.16 00·08 00.06- 00.17 0.05- 0.04 5 
7671 0000 3 5 000.422 00.16 00.08 00.06- 00.17 0.05- 0.04 5-
7612 0000 3 5 000.404 00.16 00.08 00.06- 00.17 0.05- 0.04 5 
7613 0001 1 5 000.552 00.09 00.03 00.10- 00.02 0.00 0.00 5 
7674 0001 1 5 000.585 00.09 00.03 00.10- 00.02 0.00 0.00 5 
7676 0001 3 5 000.516 00.09 00.03 00.10- 00.02 0.00 0.00 5. 
1677 0001 3 5 000.542 00.09 00.03 00.10- 00.02 0.00 0.00 5 
7678 0'003 I 5 000.432 00.09 00.02 00.31 00.42 0 .. 03- 0.02 5 
1619 0003 1 5 000.389 00.09 00.02 00.31 00.42 0 .. 03- 0.02 5 
7681 0003 3 5 000.351 00.09 00.02 00.31 00.42 0 .. 03- 0.02 5 
7682 0003 3 5 000.422 00.09 00.02 00.31 00.42 0,,03- 0.02 5 
7683 0010 1 5 000.161 00.21 00.13 01.04 01.38 0 .. 25- 0.24 5 H I 
7684 0010 1 5 000.149 00.21 00.13 01.04 01.38 0 .. 25- 0.24 5 f-' f-' 
7686 0010 3 5 000.246 00.21 00.13 01.04 01.38 0 .. 25- 0.24 5 
VE CR STA NUM! H D M Y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT '1 VECR 
NO 66 1131 7687 07 28/09/61 5149N 16301W 197 0010 3. 5 000.206 00.21 00.13 01.04 01.38 ().Z5- 0.24 N066 5 
7688 0025 1 5 000.006 00.07 00.03- 00.04 00.0i) 0.03- 0.03 5 
7689 0025 1 5 000.021 00.07 00.03- 00.04 00.09 0.03- 0.03 5 
7691 0025 3 5 000.388 00.07 00.03- 00.04 00.09 ().03- 0.03 5 
7692 0025 3 5 000.053 00.07 00.03- 00.04 00.09 ().03- 0.03 5 
1145 7723 12 5231N 16203W 0000 1 5 002.281 00.28 00.13 00.16 00.57 0.01- 0.02 5 
7124 0000 1 5 002.478 00.28 00.13 00.16 00.57 0.01- 0.02 5 
7726 0000 4 5 001.354 00.28 00.13 00.16 00.57 0.01- 0.02 5 
7127 0000 4 5 001.644 00.28 00.13 00.16 00.57 (1001- 0.02 5 
7128 0002 1 5 001.801 00.27 00.09 00.20 00.57 ().03- 0.05 5 
7129 0002 1 5 001.488 00.27 00.09 00.20 00.57 0.03- 0.05 5 
7731 0002 4 5 001.377 00.27 00.09 00.20 00.57 0.03- 0.05 5 
7732 0002 4 5 001.995 00.27 00.09 00.20 00.57 0.03- 0.05 5 
7733 0007 1 5 001.120 00.29 00.14 00.30 00.74 CI.05- 0.09 5 
7734 0007 1 5 000.934 00.29 00.14 00.30 00.74 (1.05- 0.09 .5 
7736 0007 4 5 001.855 00.29 00.14 00.30 00.74 0.05- 0.09 5 
7737 0007 4 5 0{)1.490 00.29 00.14 00.30 00.74 0.05- 0.09 5 
7738 0014 '1 5 000.293 00.32 00.20 00.36 00.89 (1.13- 0.12 5 
7739 0014 1 5 000.306 00.32 00.20 00.36 00.89 CI.13- 0.12 5 
7741 0014 4 5 001.146 00.32 00.20 00.36 00.89 CI.13- 0.12 5 
7742 0014 4 5 001.289 00.32 00.20 00.36 00.89 0.13- 0.12 5 
7743 0025 1 5 000.032 00.19 00.05 00.16 00.40 0.00 0.01 5 
7744 0025 1 5 000.060 00.19 00.05 00.16 00.40 CI.OO 0.01 5 
7746 0025 4 5 000.697 00.19 00·05 00.16 00.40 CI.OO 0.01 5 
7741 0025 4 5 000.716 00.19 00.05 00.16 00.40 0.00 0.01 5 
1186 7757 06 29/09/61 5341N 16119W 0000 1 5 005.044 00.10 00.02 00.14- 00.02- 0.00 0.00 5 
7758 0000 1 5 004.887 00.10 00.02 00.14- 00.02- 0.00 0.00 5 
7760 0000 4 5 003.305 00.10 00.02 00.14- 00.02- 0.00 0.00 5 
7761 0000 4 5 003.823 00.10 00.02 00.14- 00.02- 01.00 0.00 5 
7762 0002 1 5 003.384 00.36 00.15 00.31 00.83 0.·03- 0.07 5 
7763 0002 1 5 003.544 00.36 00.15 00.31 00.83 0.03- 0.07 5 
1765 0002 4 5 003.425 00.36 00.15 00.31 00.83 01.03- 0.07 5 
1766 0002 4 5 003.305 00.36 00.15 00.31 00.83 0'.03- 0.07 5 
7767 0007 1 5 002.787 00.29 00.15 00.21 00.65 0'.01- 0.01 5 
7768 0007 1 5 003.078 00.29 00.15 00.21 00.65 0.01- 0.01 5 
7770 0007 4 5 002.835 00.29 00.15 00.21 00.65 0.01- 0.01 5 
7771 0007 4 5 003.382 00.29 00.15 00.21 00.65 0.01- 0001 5 
7772 0014 1 5 000.708 00.35 00.12 00.06 00.53 0.09- 0.07 5 
7773 00l.; 1 5 000.790 00.35 00.12 00.06 00.53 0.09- 0.07 5 
7775 0014 4 5 003.058 00.35 00.12 00.06 00.53 0.09- 0.07 5 
1776 0014 4 5 002.976 00.35 00.12 00.06 00.53 0.09- 0.07 5 
7777 0025 1 5 000.064 00.00 00.00 00.00 00.00 0.00 0.00 5 
7778 0025 1 5 000.091 00.00 00.00 00.00 00.00 0.00 0.00 5 
7780 0025 4 5 000.589 00.00 00.00 00.00 00.00 0.00 0.00 5 
778ll 0025 4 5 000.612 00.00 00.00 00.00 00.00 0.00 0.00 5 
1201 7782. 12 5244N 16111W 0000 2 5 001.795 00.59 00.18 00.34 01.12 0.14 0.01 5 
7782 0000 1 5 001.795 00.59 00.18 00.34 01.12 0.14 0.01 5 
7783 0000 2 5 002.052 00.59 00.18 00.34 01.12 0.14 0.01 5 
7783 0000 1 5 002.052 00.59 00.18 00.34 01.12 0.14 0.01 5 
7785 0002 1 5 002.593 00.49 00.17 00.18 00.84 0.12 0.00 5 H I 7786 0002 1 5 002.277 00.49 00.17 00.18 00.84 0.12 0.00 5 i-' IX) 7788 0002 2 5 002.850 00.49 00.17 00.18 00.84 0.12 0.00 5 
VE CR STA NUM H 0 M Y LAT LONG MS DPTH 1 2 3 PROD CHLA CHL. S CHL C TOTAL NAS AS LT '5 VECR 
NO 66 1201 7789 12 29/09/61 5244N 16111W 197 0002 2 5 003.148 00.49 00.17 00.18 00.84 0.12 0.00 N066 5 
7790 0010 1 5 001.050 00.56 00.18 00.22 00.96 0.04 0.07 5 
1791 0010 1 5 001.044 00.56 00.18 00.22 00.96 0.04 0.07 5 
7793 0010 2 5 002.737 00.56 00.18 00.22 00.96 0.04 0.07 5 
7794 0010 2 5 002.751 00.56 00.18 00.22 00.96 0.04 0.07 5 
7795 0020 1 5 000.113 00.56 00.16 00.23 00.95 0.06 0.06 5 
7796 0020 1 5 000.360 00.56 00.16 00.23 00.95 0.06 0.06 5 
1798 0020 2 5 002.859 00.56 00.16 00.23 00.95 0.06 0.06 5 
7799 0020 2 5 002.815 00.56 00.16 00.23 00.95 0.06 0.06 5 
7800 13 0028 1 5 000.057 00.50 00.16 00.38 01.03 0.01 0.05 5 
7801 0028 1 5 000.021 00.50 00.16 00.38 01.03 0.01 0.05 5 
1803 0028 2 5 002.154 00.50 00.16 00.38 01.03 0.01 0.05 5 
1804 0028 2 5 002.118 00.50 00.16 00.38 01.03 0.07 0.05 5 
1240 7805 07 30/09/61 4950N 16100W 161 0000 2 5 000.543 00.12 00·07 00.21- 00.03- 0.02 0.01- 5 
1805 0000 1 5 000.543 00.12 00·07 00.21- 00.03- 0.02 0.01- 5 
7806 0000 2 5 000.652 00.12 00.07 00.21- 00.03- 0.02 0.01- 5 
1806 0000 1 5 000.652 00.12 00.07 00.21- 00.03- 0.02 0.01- 5 
7808 0002 -I 5 000.622 00.25 00.16 00.08 00.50 0.02 0.04 5 
7809 0002 1 5 000.365 00.25 00.16 00.08 00.50 0.02 0.04 5 
1811 0002 2 5 000.891 00.25 00.16 00.08 00.50 0.02 0.04 5 
7812 0002 2 5 000.881 00.25 00.16 00.08 00.50 0.02 0.04 5 
7813 0010 1 5 000.272 00.13 00.08 00.04 00.25 0.03 0.01 5 
7814 0010 1 5 000.308 00.13 00.08 00.04 00.25 0.03 0.01 5 
7816 0010 2 5 000.865 00.13 00·08 00.04 00.25 0.03 0.01 5 
7817 0010 2 5 000.865 00.13 00.08 00.04 00.25 0.03 0.01 5 
7818 0020 1 5 000.090 00.19 00.14 00.02- 00.31 0.01- 0.04 5 
7819 0020 1 5 000.084 00.19 00.14 00.02- 00.31 0.01- 0.04 5 
1821 0020 2 5 000.791 00.19 00.14 00.02- 00.31 0.01- 0.04 5 
1822 0020 2 5 000.867 00.19 00.14 00.02- 00.31 0.01- 0.04 5 
7823 0028 1 5 000.006 00.16 00.10 00.06 00.32 0.03 0.01 5 
7824 0028 1 5 000.008 00.16 00.10 00.06 00.32 0.03 0.01 5 
7826 0028 2 5 000.792 00.16 00.,10 00.06 00.32 0.03 0.01 5 
1827 0028 2 5 000.764 00.16 00.10 00.06 00.32 0.03 0.01 5 
1245 7834 14 4952N 16048W 0000 1 5 000.553 00.17 00.11 00.06 00.33 0.00 0.04 5 
7835 0000 1 5 000.642 00.17 00.11 00.06 00.33 0.00 0.04 5 
7837 0000 3 5 000.293 00.17 00.11 00.06 00.33 0.00 0.04 5 
7838 0000 3 5 000.247 00.17 00.1l 00.06 00.33 0.00 0.04 5 
7839 0001 1 5 000.463 00.11 00.08 00.04- 00.15 0.02 0.00 5 
7840 0001 1 5 000.401 00.11 00.08 00.04- 00.15 0.02 0.00 5 
7842 0001 3 5 000.191 00.11 00.08 00.04- 00.15 0.02 0.00 5 
7843 0001 3 5 000.185 00.11 00.08 00.04- 00.15 0.02 0.00 5 
7844 0005 1 5 000.271 00.09 00·04 00.33- 00.20- 0.04 0.02- 5 
1845 0005 1 5 000.282 00.09 00.04 00.33- 00.20- 0.04 0.02- 5 
1847 0005 3 5 000.030 00.09 00.04 00.33- 00.20- 0.04 0.02- 5 
7848 0005 3 5 000.056 00.09 00.04 00.33- 00.20- 0.04 0.02- 5 
7849 0010 1 5 000.130 00.05 00.08 00.16- 00.02- 0.00 0.00 5 
1850 0010 1 5 000.135 00.05 00.08 00.16- 00.02- 0.00 0.00 5 
1852 0010 3 5 000.033 00.05 00.08 00.16- 00.02- 0.00 0.00 5 
7853 0010 3 5 000. 027 00.05 00.08 00.16- 00.02- 0.00 0.00 5 
7854 0039 1 5 000.002 00.09 00.07 00.19- 00.03- 0.00 0.00 5 H I 
7855 0039 1 5 000.014 00.09 00.07 00.19- 00.03- 0.00 0.00 5 i-' w 
7857 0039 3 5 000.001 00.09 00.07 00.19- 00.03- 0.00 0.00 5 
VE CR STA NUM H D M y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT 'I VEeR 
NO 66 1245 7858 14 30/09/61 4952N 16048W 161 0039 3 5 000.009 00.09 00.07 00.19- 00.03- 0.00 0.00 N066 5 
1275 7859 08 01/10/61 4816N 16039W 0000 1 5 000.639 00.07 00.11 00.21- 00.03- 0.00 0.00 5 
7860 0000 1 5 000.758 00.07 00.11 00.21- 00.03- 0.00 0.00 5 
7862 0000 3 5 000.530 00.07 00.11 00.21- 00.03- 0.00 0.00 5 
7863 0000 3 5 000.633 00.07 00.11 00.21- 00.03- 0.00 0.00 5 
7864 0001 1 5 000.843 00.06 00.07 00.16- 00.02- 0.01- 0.00 5 
7865 0001 1 5 000.967 00.06 00.07 00.16- 00.02- 0.01- 0.00 5 
7867 0001 3 5 000.596 00.06 00.07 00.16- 00.02- 0.01- 0.00 5 
7868 0001 3 5 000.632 00.06 00.07 00.16- 00.02- 0.01- 0.00 5 
7869 0005 1 5 000.488 00.07 00.10 00.20- 00.03- 0.00 0.00 5 
7870 0005 1 5 000.402 00.07 00.10 00.20- 00.03- 0.00 0.00 5 
7872 0005 3 5 000.476 00.07 00.10 00.20- 00.03- 0.00 0.00 5 
7873 0005 3 5 000.487 00.07 00.10 00.20- 00.03- 0.00 0.00 5 
7874 0010 1 5 000.211 5 
7875 0010 1 5 000.162 5 
7871 0010 3 5 000.142 5 
7878 0010 3 5 000.161 5 
7879 0039 "1 5 000.025 00.06 00.08 00.16- 00.02- 0.01 0.01- 5 
7880 0039 1 5 000.036 00.06 00.08 00.16- 00.02- 0.01 0.01- 5 
7882 0039 3 5 000.018 00.06 00.08 00.16- 00.02- 0.01 0.01- 5 
7883 0039 3 5 000.037 00.06 00.08 00.16- 00.02- 0.01 0.01- 5 
1368 7917 13 03/10/61 4347N 16035W 0000 1 5 000.392 00.05 00.02 00.51 00.59 0.02- 0.02 5 
7918 0000 1 5 000.321 00.05 00.02 00.51 00.59 0.02- 0.02 5 
7920 0000 4 5 000.402 00.05 00.02 00.51 00.59 0.02- 0.02 5 
7921 0000 4 5 000.408 00.05 00.02 00.51 00.59 0.02- 0.02 5 
7922 0001 1 5 000.317 00.05 00.03 00.33 00.41 0.01- 0.02 5 
7923 0001 1 5 000.334 00.05 00.03 00.33 00.41 0.01- 0.02 5 
7925 0001 4 5 000.491 00.05 00.03 00.33 00.41 0.01- 0.02 5 
7926 0001 4 5 000.381 00.05 00.03 00.33 00.41 0.01- 0.02 5 
7927 0004 1 5 000.156 00.08 00.05 00.42 00.55 0.03- 0.04 5 
7928 0004 1 5 000.141 00.08 00.05 00.42 00.55 0.03- 0.04 5 
7930 0004 4 5 000.462 00.08 00.05 00.42 00.55 0.03- 0.04 5 
7931 0004 4 5 000.450 00.08 00.05 00.42 00.55 0.03- 0.04 5 
7932 0015 1 5 000.030 00.09 00.00 00.36 00.46 0.01 0.01 5 
7933 0015 1 5 000.056 00.09 00.00 00.36 00.46 0.01 0.01 5 
7935 0015 4 5 000.511 00.09 00.00 00.36 00.46 0.01 0.01 5 
7936 0015 4 5 000.475 00.09 00.00 00.36 00.46 0.01 0.01 5 
7937 0027 1 5 000.000 00.14 00.01- 00.72 00.86 0.08- 0.07 5 
7938 0027 1* 5 000.004- 00.14 00.01- 00.72 00.86 0.08- 0.07 5 
7940 0027 4 5 000.445 00.14 00.01- 00.72 00.86 0.08- 0.07 5 
7941 0027 4 5 000.318 00.14 00.01- 00.72 00.86 0.08- 0.07 5 
1389 7942 06 04/10/61 4220N 16032W 0000 1 5 000.739 00.11 00.02 00.21 00.34 0.00 0.02 5 
794,3 0000 1 5 000.599 00.11 00.02 00.21 00.34 0.00 0.02 5 
7945 0000 4 5 000.758 00.11 00·02 00.21 00.34 0.00 0.02 5 
794,6 0000 4 5 000.802 00.11 00·02 00.21 00.34 0.00 0.02 5 
7947 0001 1 5 000.604 00.21 00.11 00.73 01.05 0.04- 0.09 5 
7948 0001 1 5 000.556 00.21 00.11 00.73 01.05 0.04- 0.09 5 
7950 0001 4 5 000.823 00.21 OO.U 00.73 01.05 0.04- 0009 5 
7951 0001 4 5 000.929 00.21 00.11 00.73 01.05 0.04- 0.09 5 
7952 0004 1 5 000.174 00.16 00.06 00.46 00.68 10.04- 0.06 5 H I 7953 0004 1 5 000.227 00.16 00.06 00.46 00.68 10.04- 0.06 5 
,.... 
.p-
7955 0004 4 5 000.928 00.16 00.06 00.46 00.68 0.04- 0.06 5 
VE CR STA NUM H D M y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT 'I VEeR 
NO 66 1389 7956 06 04/10/61 4220N 16032W 161 0004 4 5 000.884 00.16 00·06 00.46 00.68 0.04- 0.06 N066 5 
7957 0015 1 5 000.023 00.16 00.06 00.49 00.72 0.00 0.04 5 
7958 0015 1 5 001.176 00.16 00.06 00.49 00.72 0.00 0.04 5 
7960 0015 4 5 000.670 00.16 00.06 00.49 00.72 0.00 0.04 5 
7961 0015 4 5 000.551 00.16 00.06 00.49 00.72 CI.OO 0.04 5 
7962 0027 1* 5 000.003- 00.10 00.03 00.57 00.71 01.01- 0.05 5 
7963 0027 1 5 000.001 00.10 00.03 00.57 00.71 01.01- 0.05 5 
7965 0027 4 5 000.661 00.10 00.03 00.57 00.71 01.01- 0.05 5 
7966 0027 4 5 000.633 00.10 00.03 00.57 00.11 (lio01- 0.05 5. 
1402 7973 12 4131N 16031W 0000 2 5 000.138 00.05 00.04 00.57 00.66 01.04- 0.06 5 
7973 0000 1 5 000.138 00.05 00.04 00.57 00.66 01.04- 0.06 5 
797'+ 0000 2 5 000.095 00.05 00.04 00.57 00.66 0.04- 0.06 5 
7974'+ 0000 1 5 000.095 00.05 00·04 00.57 00.66 0.04- 0.06 5 
7976 0002 1 5 000.119 00.10 00.06 00.54 00.70 0.04- 0.06 5 
7977 0002 1 5 000.127 00.10 00.06 00.54 00.70 0.04- 0.06 5 
7979 0002 2 5 000.221 00.10 00.06 00.54 00.70 0.04- 0.06 5 
7980 0002 2 5 000.233 00.10 00.06 00.54 00.70 0.04- 0.06 5 
7981 0012 1 5 000.018 00.02 00.00 00.34 00.36 0.01- 0.02 5 
7982 0012 1 5 000.019 00.02 00.00 00.34 00.36 ClIo01- 0.02 5 
7984 0012 2 5 000.149 00.02 00.00 00.34 00.36 01.01- 0.02 5 
7985 0012 2 5 000.164 00.02 00.00 00.34 00.36 01.01- 0.02 5 
7986 0027 1 5 000.038 00.12 00.08 00.34 00.54 01.01- 0.04 5 
7987 0027 1 5 000.030 00.12 00.08 00.34 00.54 01.01- 0.04 5 
7989 0027 2 5 000.197 00.12 00.08 00.34 00.54 01.01- 0.04 5 
7990 0027 2 5 000.569 00.12 00.08 00.34 00.54 01.01- 0.04 5 
79911 0052 1 5 000.003 00.05 00.04- 00.23 00.24 0.01- 0.00 5 
7992 0052 1 5 000.002 00.05 00.04- 00.23 00.24 0.01- 0.00 5 
799~~ 0052 2 5 000.093 00.05 00.04- 00.23 00.24 0.01- 0.00 5 
7995 0052 2 5 000.101 00.05 00.04- 00.23 00.24 0.01- 0.00 5 
1435 8005 06 05/10/61 4017N 16028W 0000 2 5 000.041 00.01 00.00 00.01- 00.00 0.01 0.00 5 
8005 0000 1 5 000.041 00.01 00.00 00.01- 00.00 0.01 0.00 5 
8006 0000 2 5 000.038 00.01 00.00 00.01- 00.00 0.01 0.00 5 
8006 0000 1 5 000.038 00.01 00.00 00.01- 00.00 0.01 0.00 5 
8008 0002 1 5 000.047 00.02 00.01 00.32 00.35 0,.04- 0.03 5 
8009 0002 1 5 000.064 00.02 00.01 00.32 00.35 0.04- 0.03 5 
8011 0002 2 5 000.084 00.02 00.01 00.32 00.35 0'.04- 0.03 5 
8012 0002 2 5 000.079 00.02 00.01 00.32 00.35 0,.04- 0.03 5 
8013 0012 1 5 000.021 00.01 00·01 00.06 00.08 0'.00 0.00 5 
8014 0012 1 <; 000.017 00.01 00·01 00.06 00.06 0'.00 0.00 5 
8016 0012 2 5 000.086 00.01 00.01 00.06 00008 0.00 OeOO 5 
80lir 0012 2 5 000.092 00.01 00.01 00.06 00.08 0.00 0.00 5 
8018 0027 1 5 000.006 00.02 00.01 00.21 00.24 0.01 0.00 5 
8019 0021 1 5 000.010 00.02 00.01 00.21 00.24 0.01 0.00 5 
6021 0027 2 5 000.091 00.02 00.01 00.21 00.24 0.01 0.00 5 
8022 0021 2 5 000.089 00.02 00.01 00.21 00.24 0.01 0.00 5 
8023 0052 1 5 000.004 00.08 00.02 00.31 00.42 0.00 0.02 5 
8024 0052 1 5 000.004 00.08 00.02 00.31 00.42 01.00 0.02 5 
8026 0052 2* 5 000.004- 00.08 00.02 00.31 00.42 01.00 0.02 5 
8027 0052 2 5 000.214 00.08 00.02 00.31 00.42 01.00 0.02 5 
1450 8034 12 3917N 16024W 125 0000 1 5 000.018 00.02 00·04 00.35 00.40 01.05- 0 .. 08 5 H I 
8035 0000 1 5 000.017 00.02 00.04 00.35 00.40 0'.05- 0.08 5 ~ V1 8037 0000 3 5 000.044 00.02 00.04 00.35 00.40 01,.05- 0.08 5 
VE CR STA NUM H D M y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT , vEeR 
NO 66 1450 8038 12 05/10/61 3917N 16024W 125 0000 3 5 000.062 00.02 00·04 00.35 00.40 0.05- 0.08 N066 5 
8039 0005 1 5 000.013 00.05 00.01 00.34 00.39 0.02- 0.05 5 
8040 0005 1 5 000.009 00.05 00.01 00.34 00.39 0.02- 0.05 5 
8042 0005 3 5 000.024 00.05 00.01 00.34 00.39 0.02- 0.05 5 
8043 0005 3 5 000.025 00.05 00.01 00.34 00.39 0.02- 0.05 5 
8041+ 0022 1 5 000.003 00.01 00.01 00.07 00.10 0.02- 0.02 5 
8045 0022 1* 5 000.002- 00.01 00.01 00.07 00.10 0.02- 0.02 5 
8047 0022 3 5 000.008 00.01 00.01 00.07 00.10 0.02- 0.02 5 
8048 0022 3 5 000.013 00.01 00.01 00.07 00.10 0.02- 0.02 5 
8049 0050 1 5 000.009 00.16 00.13 00.84 01.13 0.00 0.12 5 
805() 0050 1 5 000.003 00.16 00·13 00.84 01.13 0.00 0.12 5 
8052 0050 3 5 000.034 00.16 00.13 00.84 01.13 0.00 0.12 5 
8053 0050 3 5 000.046 00.16 00.13 00.84 01.13 0.00 0.12 5 
805i+ 0089 1* 5 000.012- 00.00 00.00 00.00 00.00 0.00 0.00 5 
8055 0089 1* 5 000.016- 00.00 00.00 00.00 00.00 0.00 0.00 5 
8057 0089 3* 5 000.016- 00.00 OO.OQ 00.00 00.00 0.00 0.00 5 
8058 0089 3* 5 000.018- 00.00 00.00 00.00 00.00 0.00 0.00 5 
1489 8068 06 06/10/61 3812N 16022W 0000 -I 5 000.090 00.01 00.00 00.06 00.07 0.01- 0.02 5 
8069 0000 1 5 000.086 00.01 00 .. 00 00.06 00.07 0.01- 0.02 5 
807Jl 0000 3 5 000.101 00.01 00.00 00.06 00.07 0.01- 0.02 5 
8072 0000 3 5 000.106 00.01 00.00 00.06 00.07 0.01- 0.02 5 
8073 0005 1 5 000.034 00.07 00.02- 00.77 00.82 0.05- 0.06 5 
8074 0005 1 5 000.051 00.07 00.02- 00.77 00.82 0.05- 0.06 5 
8076 0005 3 5 000.130 00.07 00.02- 00.77 00.82 0.05- 0.06 5 
8077 0005 3 5 000.140 00.07 00.02- 00.77 00.82 0.05- 0.06 5 
8078 07 0022 1 5 000.018 00.04 00·04 00.39 00.46 0.05- 0.06 5 
8079 0022 1 5 000.020 00.04 00.04 00.39 00.46 0.05- 0.06 5 
8081 0022 3 5 000.085 00.04 00.04 00.39 00.46 0.05- 0.06 5 
8082 0022 3 5 000.079 00.04 00.04 00.39 00.46 0.05- 0.06 5 
808:1 0050 1 5 000.010 00.07 00.06 00.46 00.59 0.07- 0.08 5 
808 l + 0050 1 5 000.017 00.07 00.06 00.46 00.59 0.07- 0.08 5 
8086 0050 3 5 000.052 00.07 00.06 00.46 00.59 0.07- 0.08 5 
808"' 0050 3 5 000.034 00.07 00.06 00.46 00.59 0.07- 0.08 5 
1502 809'~ 12 3728N 1601aw 0000 1 5 000.047 00.02 00.01- 00.25 00.25 0.06- 0.05 5 
8095 0000 1 5 000.045 00.02 00.01- 00.25 00.25 0.06- 0.05 5 
8097 0000 4 5 000.055 00.02 00.01- 00.25 00.25 0.06- 0.05 5 
8096 0000 4 5 000.056 00.02 00.01- 00.25 00.25 0.06- 0.05 5 
8099 0004 1 5 000.038 00.01 00.00 00.12 00.13 0.04- 0.03 5 
8100 0004 1 5 000.041 00.01 00.00 <;)0.12 00.13 0.04- 0.03 5 
8102 0004 4 5 000.086 00.01 00.00 00.12 OC.13 0.04- 0.03 5 
8103 0004 4 5 000.085 00.01 00.00 00.12 00.13 0.04- 0.03 5 
8104 0038 1 5 000.006 00.04 00.02- 00.53 00.55 0.04- 0.04 5 
8105 0038 1 5 000.010 00.04 00.02- 00.53 00.55 0.04- 0.04 5 
8101 0038 4 5 000.064 00.04 00.02- 00.53 00.55 0.04- 0.04 5 
810B 0038 4 5 000.066 00.04 00.02- 00.53 00.55 0.04- 0.04 5 
8109 0060 1 5 000.009 00.11 00.03 00.34 00.49 0.02 0.02 5 
8110 0060 1 5 000.013 00.11 00.03 00.34 00.49 0.02 0.02 5 
8ll;Z 0060 4 5 000.003 00.11 00.03 00.34 00.49 0.02 0.02 5 
8113 0060 4 5 000.006 00.11 00.03 00.34 00.49 0.02 0.02 5 
8114 0080 lit 5 000.017- 00.13 00.09 00.34 00.56 0.04- 0.07 5 H I 
8ll~; 0080 lit 5 000.016- 00.13 00.09 00.34 00.56 0.04- 0.07 5 f-' 0\ 8117 0080 4it 5 000.010- 00.13 00.09 00.34 00.56 0.04- 0.07 5 
VE CR STA NUM H D M Y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT 
" 
VEeR 
NO 66 1502 8118 12 06/10/61 3728N 16018W 125 0080 4* 5 000.019- 00.13 00.09 00.34 00.56 0.04- 0.01 ,..066 5 
1530 8128 06 07/10/61 3635N 16017W 0000 1* 5 000.006- 00.05 00.02- 00.43 00.46 0.06- 0.06 5 
8129 0000 1* 5 000.004- 00.05 00.02- 00.43 00.46 0.06- 0.06 5 
8131 0000 4 5 000.038 00.05 00.02- 00.43 00.46 0.06- 0.06 5 
8132 0000 4 5 000.037 00.05 00.02- 00.43 00.46 0.06- 0.06 5 
8133 0004 1 5 000.014 00.00 00.00 00.00 00.00 0.00 0.00 5 
8134· 0004 1 5 000.006 00.00 00.00 00.00 00.00 0.00 0.00 5 
8136 0004 4 5 000.067 00.00 00.00 00.00 00.00 0.00 0.00 5 
8137 0004 4 5 000.063 00.00 00.00 00.00 00.00 0.00 0.00 5 
8138 0038 1 5 000.004 00.04 00.04- 00.36 00.36 0.03- 0.03 5 
8139 0038 1 5 000.007 00.04 00.04- 00.36 00.36 0.03- 0.03 5 
8141 0038 4 5 000.049 00.04 00.04- 00.36 00.36 0.03- 0.03 5 
8142 0038 4 5 000.052 00.04 00.04- 00.36 00.36 0.03- 0.03 5 
8143 0060 1 5 000.008 00.05 00.02 00.52 00.60 0.04- 0.06 5 
8144 0060 1 5 000.007 00.05 00.02 00.52 00.60 0.04- 0.06 5 
8146 0060 4 5 000.060 00.05 00·02 00.52 00.60 0.04- 0.06 5 
8147 0060 4 5 000.072 00.05 00.02 00.52 00.60 0.04- 0.06 5 
8148 0080 1 5 000.000 00.02 00.03- 00.21 00.21 0.05- 0.04 5 
8149 0080 1 5 000.001 00.02 00.03- 00.21 00.21 0.05- 0.04 5 
8151 0080 4 5 000.030 00.02 00.03- 00.21 00.21 0,.05- 0.04 5 
8152 0080 4 5 000.028 00.02 00.03- 00.21 00.21 0.05- 0.04 5 
1576 8162 08/10/61 3401N 16013W 0000 2 5 000.051 00.07 00.02- 00.49 00.54 0 .• 03- 0.04 5 
8162 0000 1 5 000.051 00.07 00.02- 00.49 00.54 0,.03- 0.04 5 
8163 0000 2 5 000.048 00.07 00.02- 00.49 00.54 0.03- 0.04 5 
8163 0000 1 5 000.048 00.07 00.02- 00.49 00.54 0.03- 0.04 5 
8165 0004 1 5 000.039 00.00 00.00 00.00 00.00 0 .. 03- 0.02 5 
8166 0004 1 5 000.035 00.00 00.00 00.00 00.00 0 .. 03- 0.02 5 
8168 0004 2 5 000.075 00.00 00.00 00.00 00.00 0.03- 0.02 5 
8169 0004 2 5 000.071 00.00 00.00 00.00 00.00 0.03- 0.02 5 
8170 0038 1 5 000.013 00.02 00·04 00.26 00.33 0 .. 07- 0.08 5 
8171 0038 1 5 000.017 00.02 00.04 00.26 00.33 0.07- 0.08 5 
8173 0038 2 5 000.102 00.02 00.04 00.26 00.33 0.07- 0.08 5 
8174 0038 2 5 000.121 00.02 00.04 00.26 00.33 0 .. 07- 0.08 5 
8175 0060 1 5 000.016 00.05 00.03 00.35 00.43 0 .. 07- 0.08 5 
8176 0060 1 5 000.012 00.05 00.03 00~35 00.43 0.07- 0.08 5 
8178 0060 2 5 000.090 00.05 00.03 00.35 00.43 0.07- 0.08 5 
8179 0060 2 5 000.087 00.05 00.03 00.35 00.43 0 .. 07- 0.08 5 
8180 0080 1* 5 000.040- 00.12 00.01 00.72 00.85 0.06- 0.07 5 
8181 008.0 1* 5 000.042- 00.12 00.01 00.72 00.85 0.06- 0.07 5 
8183 0080 2 5 000.074 00.12 00.01 00.72 00.85 0 .. 06- 0.07 5 
8184 0080 2 5 000.075 00.12 00.01 00.72 00.85 0 .. 06- 0.07 5 
1590 8191 13 3241N 16010W 0000 2 5 000.031 00.03 00'02- 00.31t 00.35 0.09- 0.08 5 
8191 0000 1 5 000.031 00.03 00.02- 00.34 00.35 0.09- 0.08 5 
8192 0000 2 5 000.029 00.03 00.02- 00.34 00.35 0 .. 09- 0.08 5 
8192 0000 1 5 000.02.9 00.03 00.02- 00.34 00.35 0.09- 0.08 5 
8194 0004 1* 5 000.010- 00.00 00.01- 00.14 00.13 0.01- 0.06 5 
8195 0004 1 5 000.037 00.00 00.01- 00.14 00.13 0 .. 07- 0.06 5 
8197 0004 2 5 000.051 00.00 00.01- 00.14 00.13 0 .. 07- 0.06 5 
8198 0004 2 5 000.043 00.00 00.01- 00.14 00.13 0.07- 0.06 5 
8199 0032 1 5 000.014 00.02 00.02 00.04 00.08 0.07- 0.07 5 H I 
8200 0032 1 5 000.014 00.02 00.02 00.04 00.08 0.,07- 0.07 5 I-' ~ 
8202 0032 2 5 000.075 00.02 00.02 00.04 00.08 0.07- 0.07 5 
VE CR STA NUM H D M y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT ,. VECR 
NO 66 1590 8203 13 08/10/61 3241N 16010W 125 0032 2 5 000.075 00.02 00.02 00.04 00.08 0.07- 0.07 N066 5 
8204 0050 1 5 000.001 00.01 00.01- 00.04 00.04 0.03- 0.02 5 
8205 0050 1 5 000.005 00.01 00.01- 00.04 00.04 0.03- 0.02 5 
8207 0050 2 5 000.082 00.01 00.01- 00.04 00.04 0.03- 0.02 5 
8208 0050 2 5 000.104 00.01 00.01- 00.04 00.04 0.03- 0.02 5 
8209 0081 1* 5 000.005- 00.07 00.03 00.52 00.62 0.04- 0.07 5 
8210 0081 1 5 000.000 00.07 00.03 00.52 00.62 0.04- 0.07 5 
8212 0081 2 5 000.083 00.07 00.03 00.52 00.62 0.04- 0.07 5 
8213 0081 2 5 000.092 00.07 00.03 00.52 00.62 0.04- 0.07 5 
1618 8223 06 09/10/61 3016N 16006W 0000 2 5 000.082 00.02 00.05- 00.55 00.52 0.09- 0.10 5 
8223 0000 1 5 000.082 00.02 00.05- 00.55 00.52 0.09- 0.10 5 
8224 0000 2 5 000.060 00.02 00.05- 00.55 00.52 0.09- 0.10 5 
8224 0000 1 5 000.060 00.02 00.05- 00.55 00.52 0.09- 0.10 5 
8226 0004 1 5 000.061 00.00 00.00 00.00 00.00 0.02 0.00 5 
8227 0004 1 5 000.059 00.00 00.00 00.00 00.00 0.02 0.00 5 
8229 0004 2 5 000.090 00.00 00.00 00.00 00.00 0.02 0.00 5 
8230 0004 2 5 000.054 00.00 00·00 00.00 00.00 0.02 0.00 5 
8231 0032 1 5 000.030 00.03 00.05- 00.60 00.58 0.06- 0.09 5 
8232 0032 1 5 000.021 00.03 00.05- 00.60 00.58 0.06- 0.09 5 
8234 0032 2 5 000.092 00.03 00.05- 00.60 00.58 0.06- 0.09 5 
8235 0032 2 5 000.091 00.03 00.05- 00.60 00.58 0.06- 0.09 5 
8236 0050 1 5 000.002 00.00 00.01 00.11 00.12 0.06- 0.08 5 
8231 0050 1 5 000.004 00.00 00.01 00.11 00.12 0.06- 0.08 5 
8239 0050 2 5 000.115 00.00 00.01 Oo.ll 00.12 0.06- 0.08 5 
8240 0050 2 5 000.080 00.00 00.01 00.11 00.12 0.06- 0.08 5 
8241 0081 1 5 000.002 00.05 00.05 00.30 00.40 0.09- 0.10 5 
8242 0081 1 5 000.004 00.05 00.05 00.30 00.40 0.09- 0.10 5 
8244 0081 2 5 000.067 00.05 00.05 00.30 00.40 0.09- 0.10 5 
8245 0081 2 S 000.019 00.05 00.05 00.30 00.40 0.09- 0.10 5 
1626 8276 12 16010W 0001 1 5 000.048 00.08 00.06 00.40 00.54 0.05- 0.08 5 
8211 0001 1 5 000.047 00.08 00.06 00.40 00.54 0.05- 0.08 5 
8279 0001 3 5 000.033 00.08 00.06 00.4-0 00.54 0.05- 0.08 5 
8280 0001 3 5 000.040 00.08 00.06 00.40 00.54 0.05- 0.08 5 
8281 0003 1 5 000.013 00.05 00.04 00.33 00.42 0.04 0.01- 5 
8282 0003 1 5 000.036 00.05 00.04 00.33 00.42 0.04 0.01- 5 
8284 0003 3 5 000.075 00.05 00.04 00.33 00.42 0.04 0.01- 5 
8285 ·0003 3 5 000.194 00.05 00.04 00.33 00.42 0.04 0.01- S 
8286 0035 1 5 000.016 00.07 00.03 00.68 00.78 0.05- 0.07 5 
8287 0035 1 5 000.015 00.01 00.03 00.68 00 .. 78 0.05- 0.07 5 
8289 0035 3 5 000.072 00.01 00.03 00.68 00.78 0.05- 0.01 5 
8290 0035 3 5 000.047 00.07 00.03 00.68 00.78 0.05- 0.07 5 
8291 0063 1 S 000.004 00.03 00.04 00.38 00.44 0.04- 0.05 5. 
8292 0063 1 5 000.006 00.03 00.04 00.38 00.44 0.04- 0.05 5 
8294 0063 3 5 000.040 00.03 00.04 00.38 00.44 0.04- 0.05 5 
8295 0063 3 5 000.028 00.03 00.04 00.38 00.44 0.04- 0.05 5 
8296 0102 1* 5 000.007- 00.06 00.03 00.49 00.58 0.03- 0.07 5 
8297 . 0102 1 5 000.002 00.06 00.03 00.49 00.58 0.03- 0.01 5 
8299 0102 3 5 000.009 00.06 00.03 00.49 00.58 0.03- 0.07 5 
8300 0102 3 5 000.012 00.06 00.03 00.49 00.58 0.03- 0.07 5 
1655 8316 07 10/10/61 2802N 16014W 089 0001 1 5 000.055 00.15 00.15- 01.08 01.07 0.06- O.ll 5 H I 
8317 0001 1 5 000.057 00.15 00.15- 01.08 01.07 0.06- 0.11 5 5', 
8319 0001 3 5 000.066 00.15 00.15- 01.08 01.07 0.06- 0.11 5 
VE CR STA NUM H D M Y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT , vEeR 
NO 66 1655 8320 07 10/10/61 2802N 16014W 089 0001 3 5 000.049 00.15 00.15- 01.08 01.07 0.06- 0.11 N066 5 
8321 0003 1 5 000.038 00.07 00.01 00.46 00.55 0.05- 0.07 5 
8322 0003 1 5 000.043 00.07 00.01 00.46 00.55 0.05- 0.07 5 
8324· 0003 3 5 000.047 00.07 00.01 00.46 00.55 0.05- 0.07 '5 
8325 0003 3 5 000.064 00.07 00.01 00.46 00.55 0.05- 0.07 5 
8326, 0035 1 5 000.022 00.03 00.00 00.44 00.47 0.05- 0.07 5 
8321 0035 1 5 000.025 00.03 00.00 00.44 00.47 0.05- 0.07 5 
8329 0035 3 5 000.068 00.03 00.00 00.44 00.47 0.05- 0.07 5 
8330 0035 3 5 000.067 00.03 00.00 00.44 00.47 0.05- 0.07 5 
8331 0063 1 5 000.016 00.14 00.10 00.97 01.20 0.08- 0.16 5 
8332 0063 1 5 000.014 00.14 00.10 00.97 01.20 0.08- 0.16 5 
8334 0063 3 5 000.074 00.14 00.10 00.97 01.20 0.08- 0.16 5 
8335 0063 3 5 000.068 00.14 00.10 00.97 01.20 0.08- 0.16 5 
8336 0102 1 5 000.000 00.04 00.03 00.55 00.63 0.01- 0.05 5 
8337 0102 1 5 000.000 00.04 00.03 00.55 00.63 0.01- 0.05 5 
8339 0102 3 5 000.008 00.04 00.03 00.55 00.63 0.01- 0.05 5 
8340 0102 3 5 000.002 00.04 00.03 00.55 00.63 0.01- 0.05 5 
1670 8347 13 2711N 16000W 0000'1 5 000.034 00.04 00.07 00.40 00.50 0.05- 0.07 5 
8348 0000 1 5 000.035 00.04 00.07 00.40 00.50 0.05- 0.07 5 
8350 0000 4 5 000.040 00.04 00.07 00.40 00.50 0.05- 0.07 5 
8351 0000 4 5 000.055 00.04 00.07 00.40 00.50 0.05- 0.07 5 
8352 0003 1 5 000.029 00.06 00.06 00.59 00.72 0.06- 0.11 5 
8353 0003 1 5 000.027 00.06 00·06 00.59 00.72 0.06- 0.11 5 
8355 0003 4 5 000.049 00.06 00.06 00.59 00.72 0.06- 0.11 5 
8356 0003 4 5 000.047 00.06 00.06 00.59 00.72 0.06- 0.11 5 
8357 0035 1 5 000.018 00.10 00.07 00.70 00.87 0.10- 0.16 5 
8358 0035 1 5 000.017 00.10 00.07 00.70 00.87 0.10- 0.16 5 
8360 0035 4 5 000.068 00.10 00.07 00.70 00.87 0.10- 0.16 5 
8361 0035 4 5 002.267 00.10 00.07 00.70 00.87 0.10- 0.16 5 
8362 0063 1 5 000.002 00.07 00.05 00.49 00.60 0.01- 0.06 5 
8363 0063 1 5 000.007 00.07 00.05 00.49 00.60 0.01- 0.06 5 
8365 0063 4 5 000.016 00.07 00.05 00.49 00.60 0.01- 0.06 5 
8366 0063 4 5 000.005 00.07 00.05 00.49 00.60 0.01- 0.06 5 
8367 0102 1 5 000.001 00.10 00·06 00.84 01.00 0.03- 0.08 5 
8368 0102 1* 5 000.002- 00.10 00.06 00.84 01.00 0.03- 0.08 5 
8370 0102 4 5 000.002 00.10 00.06 00.84 01.00 0.03- 0.08 5 
8371 0102 4 5 000.003 00.10 00.06 00.84 01.00 0.03- 0.08 5 
1704 8381 06 11/10/61 2512N 15958W 088 0000 1 5 000.122 00.04 00.07- 00.52 00.49 0.02- 0.05 5 
8382 000.0 1 5 000.071 00.04 00.07- 00.52 00.49 0.02- 0.05 5 
8384 0000 4 5 000.077 00.04 00.07- 00.52 00.49 0.02- 0.05 5 
8385 0000 4 5 000.068 00.04 00.07- 00.52 00.49 0.02- 0.05 5 
8386 0003 1 5 000. 071 00.02 00·05 00.43 00.50 0.00 0.04 5 
8387 0003 1 5 000.062 00.02 00.05 00.43 00.50 0.00 0.04 5 
8389 0003 4 5 000.101 00.02 00.05 00.43 00.50 0.00 0.04 5 
8390 0003 4 5 000.099 00.02 00.05 00.43 00.50 0.00 0.04 5 
8391 0035 1 5 000.017 00.02 00.04 00.31 00.37 0.00 0.04 5 
8392 0035 1 5 000.019 00.02 00.04 00.31 00.37 0.00 0.04 5 
8394 0035 4 5 000.082 00.02 00.04 00.31 00.37 0.00 0.04 5 
8395 0035 4 5 000.093 00.02 00.04 00.31 00.37 0.00 0.04 5 
8396 0063 1 5 000.007 00.14 00.08 00.87 01.09 0.08- 0.13 5 H I 
8397 0063 1 5 000.020 00.14 00.08 00.87 01.0.9 0.08- 0.13 5 I-' \Cl 
8399' 0063 4 5 000.069 00.14 00.08 00.87 01.09 0.08- 0.13 5 
VE CR STA NUM H 0 M Y LAT LONG MS OPTH 1 2 3 PROD 
NO 66 1704 8400 06 11/10/61 2512N 15958W 088 0063 4 5 000.068 
8401 0102 1 5 000.012 
8402 0102 1 5 000.473 
8404 0102 4 5 000.040 
8405 0102 4 5 000.039 
1720 8412 22 2330N 16000W 089 0000 4* 5 000.004 
8413 0000 4* 5 000.005 
CHL A CHL 8 CHL C 
00.14 00.08 00.87 
00.11 00.07 00.85 
00.11 00.07 00.85 
00.11 00.07 00.85 
00.11 00.07 00.85 
00.03 00.03 00.18 
00.03 00·03 00.18 
TOTAL NAS AS LT 
01.09 0.08- 0.13 
01.04 0.04- 0.08 
01.04 0.04- 0.08 
01.04 0.04- 0.08 
01.04 0.04- 0.08 
00.25 0.03- 0.03 













Pioneer Zoo"(:,lanll:ton Investigations 
Zooplankton investigations were conducted by Mr. Jerry D. 
Larrance of the Bureau of Commercial Fisheries, Biological Laboratory, 
Seattle, l.Jashington. 
His desc:dption of techniques and activities in connection with 
this work is as follows. 
I1Samples "Tel'e collected at 31 oceanographic and 13 productivity 
stations. At each oceanographic station, one o:c t"TO vex·tica1 tows w'ere 
made with a '~-Lleter, No. 6 mesh net from 150 meters depth to the surface. 
On some of the stations, extra w1k~e Has let out to compensate for the 
ifire angle. The depths in Tc,ble II are computed from the "Tire out and 
the ',Tire angle. 
IIImmediately f'ollmving most of "chese stations, a stelJ]?ed oblique 
Mv..T (modified three-foot Isaacs-Kidd midwater trawl) tow vTaS made. The 
net w'as hauled from 200 meters depth to the surface 1-Thi1e the 3hip "ras 
moving at three knots. At each 25-meter depth increment, the vTinch 
"Tas stopped until five minutes had elapsed since the beGinning of the 
haul from the previous depth increment, :C'esulting in a total tOvTing 
time of 1~5 ];linutes. Depths for the stepped MlJT tows wel'e comlmted from 
a previously determined vTire out-depth :catio of l!·-l. 
"Plans were made to take horizontal MWT tmvs in the deep scattering 
o layer sou"i:;h of 35 N. latitude, but the Itwer "TaS not detected in that 
region, although easily evident no:&:th of 350 North. Ten horizontal tows 
lTere taken in, above, and be]oiv a salinity minimum layel~ (salinity less 
than 31]..0 0/00) found north of 350 ror. Other tows 'vel~e planned but not 
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completed in this sel"ies. 
"Thirteen of the productivity stations \Tel"e follovred by a 30-
minute tOil vi th four standard Clarke-Bumpus samplers Hit!:! No. 6 mesh 
ny: on nets on the wire at depths of 5, 15, 30, and 70 metei·s. All 
samplers i"ere opened and cJ.osed at depth to avoid cont8J.uinating the 
samples lli th organisms at shallovre:c depths. 
"1111's. Fay I. Linger completed settling volumes, and the identifi-
cation and pel"Centage conrposition :)f dominant groups for the zooplankton 
samI)les (Table II). The hauls lle:ce aJlowed to settle for at least 20 
minutes in ta)?ered graduates and the volumes lTel'e read in cubic centi-
meters. For the Clarke-Bumpus tmm, the :percel1toge of the haul con-
tl'ibute(1 by the dominant group liaS estimated; the vohUlles iTere generally 
too sI,lall :to:c measurement. For the ~'-meter and :tc1hT tOilS, the voJume of 
the clominant gr'oup lIas meast1.J:ed for those hauls exceeding 25 cc total 
vOl'Luile, to detel'mine the per ceLlt of hauls. In a few cases, no group 
constitu'ced a majority of the haul (20 per cellt or more) as indicated in 
the tabulcttiom;. 
"The -}-meter tOiT at Station 1.!,1 yielded phytoplanl.:toi1 in quantity 
fol' the fi:cst time. A transition in faunal elements occuxTed betilecl1 
In 025' and 11-3°3; I (stations 35 and 37) on the nOl"th-bound leg along 
1770 vI. longitude. Generally, the total volumes inc:ceasecl and t~le 
dominant ol'sanislns, usually copepocis, chaetognaths ~ and euphausi,;r;" 
were lal'ger and less di 'Terse. The barnacle naupli vTere 110 longer found. 
"On the south-bound leg along 1600 W. longitude, the transition 
to southe:cn forms occUY'l'ed near ~J~o N. latitude for the Clarke-Bumpus, 
~'5° N. for the ~-meter, and 400 N. for the MWr tows. The )j--meter hauls 
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i{el'e definiteJ.y no:cthern at Station 51, and mixed at Station 52, llith 
slightly more northern forms. The C-B samples at Station 53 irere 
primarily southern. At Station 51~, the MWT hauls 'tJere mixed "\-1i th more 
nO:t:thern forms but definitely nouthern forms at Station 56. 11 
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Table II. Zooplankton samples, Pioneer', 1961 
Station 
Pos it ion iii (bnputed ; I 
Latitude I Longit'l..ll3 !Date Time ~pe _of.' depi;h !VoJ.upl:? Dominant Gto1;g;>J. IercElJ.."t; 





























! 10 107:25 I I I 10 j 19:42 10 ! 21:35 
I 11 21:30 11 23:30 
i 13 101: 05 I 
113 05: 0:5 
! 14 : 00: 23 I 
1111,100:351 
I 14 ! 01: !~5 I,' 
1 j 
15 117:571 
16 i 00: 22 I 
1 16 112: 06 i 
I 16 113:20 I 
I 17 02:34 i I 17 02:50 
I 17 0~,:02 
I I 
I, ~.7 118: 55 

































































75-0 I 5 
75-0 I 5 





















l:an-:ac1e mu l:ili 
bamacle naulii 
copepoda 















30 I 50 
i 80 
I 
Productivity stations. All others are reguJ.ar oceanographic stations. 
V: Vertical ~-lilete:r' haul; H: Horizontal MJ~T tOy,; SO: Stepped oblique: 
CB: C1arl~e-BUlnpus tow. 
Depths computed from i'lire out and iri:;.'e angJ.e 0 Depths for the stepped 
mid,i8:te:c trauJ. hauls were computed from a Hire out-depth ratio of 4 - 1. 
Sett.1ed vol1.uues of the toto.1 haul given in cubic centimeters. 
The major group of animals in each haul, constituting 20 pel' cent oJ.' 
fllo:,:'e of the total volume of the haUl. 
§./ The approximate percentage, by vo:.ume, of the dominant group iihen it 
const1 tutec1 20 pe:!.' cent or more oI' the total volume of the haul. 
11 --------- indicates no single gr'oup as dominant. 
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j Position I Computed r 
Stat" I LLtitude i Longitude Title 'J!'r.ce 0 f. J de31h vOIUlI(/ Lbrl1;in~ Group .~~ J.en i to;' E.7 I N. I H. G.M. T. M._ cc._ 
I I I 
1130-0 
1 I I 39°01' 177°06' 19/19 \11:18 
I 
80 33 ! V 10 ! l:arnacle naupli 
f 19 112: 21 SO I 200-0 150 ' euphaus:1ds 60 I I 
I 31li I 40°38 . 177°03' 20 1 00: 21 CB 3 £..5 sa,lps I I I 8 5 velige:cs ! I I ! 15 .:.5 ---------I 35 ... 5 -------_ .... , 
I 
35 41°25' 1177000 ' 20 11:37 V 1140-0 25 tarnacle nmtpli. 30 
I I velige:cs 30 I I co:pepods 20 I 
hl:50 1140-0 I 20 V 25 bacna::le ncupli 30 
I I veligel's 30 I co:pepods 20 I 
1 200- 0 i 20 12:31 SO 225 11:::axnacle naupli 40 I i I f eU:9haus ids 20 I I 
1 176°5 4 ' ! 150··0 i 37 43°35' 21 j 05:28 V 5 ! copepoda 
I 21 05:55 H ,150 225 j euphaus i ds 45 
I 21 07:30 H i 450 200 ! euphausids 60 I ! 
38 45°11.6 ' I 176°3lt-' 22 10:05 V I 130··0 15 : co))epods 30 
I I eUIJhausiCl.s 30 
I 22 11:16 II f 1~00 325 1 copepods 30 
I I chaetognaths 20 
I 22 12:53 SO ! 200-0 225 chaetognaths 40 
1150- 0 
euphausicl,s 30 
40 4.8°01' 176°25' 23 01,.: 20 V 25 I copepods 40 
105: 33 
I pteropods 20 
23 H i 1~00 325 euphausi.c1s 25 
I copepods 25 I I / chaetognaths 25 , ! 




I ! Position ! I II i Computed I 
Station' Latitude ;Lcngltu:le I Da.te I Time Type g~ I depth Val~ Dominarrt-5_,GrouP N. . TJ. • I G.M.T. tow S M.3 cc.~ d.I 
41 50°28 1 !176P301 ! 9/23 ! 23:22 
I 24101:141 
I I I I 24 ! 02: 55 i 
51 °321 1168°401 27 II 20: 55,1 
27 21:12 
27 ·22: 39 i 
51"50' 162°58' 28117:461 




29 05: 22 1 291 07: l~51 45 153014 ' 
11610 18 1 
29 \ 08: 10 I 
29 ! 17:15 1 
I 






































































I 5 10 copepods copepods 
copepods i < 5 
1 ~ .. 5 I copepods 
25 I cone pods 
20 I co~el)ods 



















! Position I i i a:m~pute d I / I I 
Station Latitude I Longttuie I Date I Time T,yJ.)e If de~h VOJ~!l! Domimn~/Group . Fercegi 
N. j U. G.M.T. tOi~ M. cc._ _ mul_ 
I 
l~ 51 o~_1' 1 16Jo07' 9/30 06:33 v 145-0 1~0 copepods 50 
I 
49 149°53' ! 160°43' -10/1 02:17 V 153-0 20 C01)epods 60 
I I 1 02:34 V 153-0 20 copepods 60 
50 49°15' 116004-0' 1 17: 1-~5 V 190-0 4-0 copepods 40 
chaetognaths 40 
1 18:06 V 190-0 40 copepoda 1.:-0 
chaetognaths 40 
51 11-6°06' 160°22' 2 16:27 V 153-0 25 copepods ho 
2 16:46 V 153-0 ~ 55 copepoda 90 
52 43°47' 160°35' 3 23:22 V 157-0 <-5 copepods 
I 3 23:37 V 150-0 <5 copepods !~ 08:1h H 320 275 copepods 80 4 09:55 so 200-0 450 copepoda 95 




51!- 4103J.' 1160°27' 5 01:h8 V 150-0 15 copepods 60 
I 5 02:00 V 150-0 15 C01)epocls 60 I 
I 5 08:00 H 325 125 euphausids 50 / 1 5 09:40 so 200-0 100 eUphal.1Sids 50 I 
1 
5r;)J 40°13' 1160027' CB i 5 17:35 I 5 ::.5 copepods I 15 <5 euphausids 
I I 30 <.5 I sa1r>s , I I I 72 i 5 euphausids / t I , 
I ! 
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I Position i : I O:>mputed I I 
Station I Latitude I Long:i:tl.lde Date I Time ! 'lYpe f!' de~h I V01Uffj Lbl~Gt-oup :~ • I N. W. G.M. T. I tow I M. . cc.- 5 
i I 56 ! 39015 f 160°24' 10/6 I I sa1ps 01:58 ; 150-0 15 
6 02:15 ! 150-0 15 I sa1ps 
6 I 09: 15 I 525 200 euphausids 75 6 
1 11 . 26 : 
200-0 175 euphausids 60 
57U . 38°11' 160°23' 6 CB 1·5 ve1igers 17: 29 I 10 
i I I 30 <.5 ve1igers 
I I I 72 <.5 pteropods 
58V 137°26' 160°18' 6 23:17 I CB 5 /5 ve1igers 
, I 15 (,5 ve1igers I I 30 ',5 I ---------I 72 {·5 --- ... -----I 
59 37°01' 160°29' 7 11:28 
I so 200-0 50 euphausic1s 50 I I 61 34°50' 160°14' 8 04: 2!~ ! V 115-0 5 I copepods 
8 04:37 I V f 115-0 10 copepods 8 09:35 I H I 600 75 I euphausids 40 
8 11:47 I so I 200-0 50 euphausids 60 ! 
62Jj 33°58' 160°13' 8 
, I 17:10 I CB I 5 5 copepods 
I I 15 
{5 copepods 
30 ,5 ---------




64 30°16' 160°10' 9 V I 156-0 5 I copepods 
I 21:30 I ! 156-0 
, 
9 V 5 : copepods I i i 




Station Latit1rle Lcngl.tude i Date 
N. W. J 
I i Conputed I I I 
Time Type _qf deIl1fh Voltlfr:€! I DonrlnatJCJ Group I :Fer %ep.t 
G.M.T. towEl M.V cc.':!i .u 1l'Bul9' 
I 





































































I copepods 50 
copepods 50 




TJ'.BLE III. Hydrographic data from the Pioneer cruise (N066). 
StationY Depth(m) Sa1inity(%o) °2(ml/1) Temp. (OC) 
P022 0000 35·01 4.06 27.39 
0010 35.00 4.18 26.78 
0020 35.05 4.18 26.7tl-
0030 35.06 4.32 26.72 
0050 35.05 l~.49 25.72 
0075 35·11 4.68 23.56 
0100 35.17 4.58 22.22 
0150 35.15 3.44 20.86 
0200 35.15 4.37 
P023 0000 35.2.3 4.36 27.02 
0010 35.23 4.59 26.97 
0020 35·26 4.39 26.45 
0030 35.25 4.l~7 26.09 
0050 35.18 4.84 23.66 
0075 35.16 4.95 21.16 
0100 35.08 4.76 19.76 
0150 34.91 4.45 18.73 
0200 3~·.78 3.62 16.58 
p024 0000 35.21 4.57 26. 91~ 
0010 35.22 4.63 26.90 
0020 35.23 4.55 26.89 
0030 35.24 4.49 26.91 
0050 35.19 4.82 26.19 
0075 35·22 5·01 22.83 
0100 35.18 4.95 21.00 
0150 35·00 4.50 18-39 
0200 3l~. 75 4.60 16.33 
P025 0000 35.28 4.55 27.76 
0010 35.27 4.68 27.68 
0020 35·27 ~·.60 27.56 
0030 35.29 4.47 27.56 
0050 35.26 5.14 2l~. 70 
0075 35.27 5.27 22.82 
0100 35.24 5.20 21.12 
0150 35·09 4.85 19.17 
0200 34.86 4.88 17.24 
p026 0000 35.30 4.62 27.79 
0010 35.30 4.62 27.77 
0020 35.30 4.59 27.75 
0030 35.30 4.57 27.77 
0050 35.26 5·10 26.08 
0075 35·29 5.23 23.49 
0100 35.26 5.04 21.90 
0150 35.16 4.81 19·95 
0200 34.99 4.72 18.38 
I-31 
Station!/ Depth(m) Salinity(%o) °2(ml/l) Temp. (OC) 
PO 27 0000 35.28 4.48 27.19 
0010 35.29 4.58 27.20 
0020 35.28 4.48 27.08 
0030 35.3~· 4.61 26.80 
0050 35.06 4.83 21.96 
0075 34.88 5.62 17.94 
0100 34.78 5.45 16.69 
0150 34.69 5·15 15·55 
0200 34.64 5·11 14.94 
PO 29 0000 34.86 4.73 25.78 
0010 34.86 4.80 25.77 
0020 34.87 4.55 25.73 
0030 34.86 5.29 25.74 
0050 34.73 6.17 17.85 
0075 34.67 5.75 15.77 
0100 34.64 5.23 15·11 
0150 34.55 5.14 14.11 
0200 3~·.48 5.06 13.34 
P031 0000 34.42 4.72 23.08 
0010 34.45 4.91 23.14 
0020 34.49 4.77 22.67 
0030 34.44 5.21 21.33 
0050 31~.53 5.30 14.09 
0075 34.45 5.24 12·97 
0100 34.38 5.27 12·33 
0150 34.33 5.36 
0200 34.32 5.24 11.13 
P032 0000 34.55 4.63 22.09 
0010 34.54 4.63 22.10 
0020 34.55 22.09 
0030 34.55 4.77 22.08 
0050 34.53 5.00 22.10 
0075 34.54 7.08 16.46 
0100 34.57 5.27 14.32 
0150 31~.~·5 5·35 12.67 
0200 34.34 5.42 11.70 
P033 0000 34.12 4.88 20.20 
0010 34.12 5.14 20.20 
0020 34.11 5.19 20.20 
0030 34.12 5.10 20.22 
0050 34.45 6.99 15.42 
0075 34.41 5.57 13.19 
0100 34.39 5.31 12.24 
0150 34.55 5·39 11.43 
0200 34.30 5.37 10.90 
I-32 
StationY' Depth(m) Sa1inity(%o) °2(ml/1) Temp. (OC) 
P035 0000 33.67 5.45 17.54 
0010 33.66 17.57 
0020 33.66 5.49 17.56 
0030 33.69 17.55 
0050 34.10 6.35 12.44 
0075 34.12 5·00 10.70 
0100 34.23 5.31 10.54 
0150 34.16 9·77 
0200 34.04 4.47 8.82 
P038 0000 32.53 5.91 12.88 
0010 32.53 6.05 12.87 
0020 32.54 5.6~· 12.86 
0030 32.55 5.82 12.86 
0050 33.19 6.84 6.50 
0075 33.18 6.78 5.34 
0100 33.43 6.55 5·29 
0150 33.56 6.53 5.56 
0200 33.53 6.38 5.26 
p040 0000 32.62 6.56 9.87 
0010 32.62 6.53 9.85 
0020 32.64 6.64 9·53 
0030 32.65 6.62 9.45 
0050 32.83 6.84 6.70 
0075 33.03 7.20 3.36 
0100 33.06 7.17 3.16 
0150 33.08 7·11 2.92 
0200 33.18 6.52 2.60 
P041 0000 32.70 6.75 7.86 
0010 32.70 6.23 7.82 
0020 32.72 6.38 7.82 
0030 32.76 6.04 7.46 
0050 32·92 6.35 6.00 
0075 33.05 5.36 4.48 
0100 33.19 4.96 4.10 
0150 33.66 2.79 4.25 
0200 33.88 1.58 4.00 
PO!~2 0000 6.26 10.34 
0010 32.45 6.34 10.32 
0020 32.4!~ 6.32 10.34 
0030 32.44 6.37 10.34 
0050 32.66 6.48 6.90 
0075 32.79 6.07 4.40 
0100 32·90 6.82 3.36 
0150 33.34 4.42 3.61 
0200 33.61 2.83 3.92 
I-33 
StatiOnY Depth(m) Sa1inity(%o) °2(ml/l) Temp. (Oe) 
p045 0000 31.84 6.39 9.83 
0010 31.83 6.52 9.82 
0020 31.83 6.52 9.82 
0030 31.85 6.39 9.76 
0050 32.10 5·70 5.87 
0075 32.23 5.64 5.31 
0100 32.31 4.29 4.93 
0150 32.63 3.89 4.80 
0200 33.16 2.72 5·32 
p048 0000 32.16 6.27 10.74 
0010 32.21 6.32 10.80 
0020 32.23 6.30 10.76 
0030 32.22 6.23 10.75 
0050 32.86 6.56 !~. 51 
0075 32.92 6.62 3 .• 52 
0100 33.14 5.55 3.74 
0150 33.48 3.70 4.13 
0200 33.77 2.03 4.02 
p049 0000 32.h8 4.25 10.98 
0010 32.47 5.03 10.96 
0020 32.48 5.03 10.96 
0030 32.!~7 It.31 10.97 
0050 32.58 5·29 10.30 
0075 32.87 5.42 3. 45 
0100 33.01 5.35 3.16 
0150 33.38 3.86 3.19 
0200 33.75 1.87 4.03 
P050 0000 32.42 5.81+ 11.65 
0010 32.41 6.15 11.64 
0020 32.42 6.12 11.64 
0030 32.l~0 5.99 11.63 
0050 32.83 6.01 5.79 
0075 32.85 6.69 4.82 
0100 32.90 6.83 !~.01 
0150 32.90 6.85 3.85 
0200 32.94 6.68 3.89 
P052 0000 32.82 5.71 15.86 
0010 32.81 5.78 15.78 
0020 32.82 5.78 15.74 
0030 33.05 6.35 12·31 
0050 33.20 6.50 9·29 
0075 33.28 6.49 6.78 
0100 33.30 6.39 6.50 
0150 33.31 6.46 6.38 
0200 33.39 6.33 6.58 
r-34 
Station1/ Depth(m) Salinity(%o) °2(ml/l) Temp. (OC) 
P054 0000 33.18 5.31 19.64 
0010 33.19 5.34 19.64 
0020 33.18 5.37 19·52 
0030 33.22 5.47 19·18 
0050 33.62 7.10 10.61 
0075 33.70 6.10 8.50 
0100 33.69 6.15 8.04 
0150 33.81 5.99 8.46 
0200 33.89 5.58 8.32 
P056 0000 34.19 !~.89 22.16 
0010 34.18 5.03 21.97 
0020 34.16 5.05 21. 7~-
0030 34.16 5.02 21.68 
0050 34.06 7.62 14.04 
0075 34.16 5·95 11.62 
0100 31~.18 5.65 10.86 
0150 31~.12 5.70 10.43 
0200 31~.08 ).76 10.08 
P059 0000 34.58 4.76 23.43 
0010 34.56 4.66 23 .4~-
0020 34.55 4.68 23.45 
0030 34.56 4.65 23.~-~-
0050 34.55 4.97 23.44 
0075 34.46 7.11 15·27 
0100 34.41 5.44 13.08 
0150 3!~. 33 5.37 12.23 
0200 34.29 5.~-0 11.70 
P061 0000 311-.52 4.88 23. 45 
0010 3~-.52 5.03 23.45 
0020 34.51 5.06 23.47 
0030 31!-.53 4.95 23.46 
0050 3!!-.40 6.58 17.54 
0075 34.39 6.36 15.14 
0100 3lt-.36 6.12 13.75 
0150 31~. 30 5.54 12.54 
0200 34.30 5.52 12.16 
p063 0000 35.09 l~. 55 24.12 
0010 35·10 4.52 24.13 
0020 35.09 4.60 24.06 
0030 35.10 4.50 24.06 
0050 34.73 5.56 18.72 
0075 34.54 4.78 14.81 
0100 34.47 5.11 1~-.17 
0150 34.45 11-.94 13.84 
0200 34.4!~ ~-.95 13.27 
1-35 
StationY Depth(m) Salinity(%o) °2(ml/l) Temp.(Oe) 
P064 0000 35·30 4.80 24.92 
0010 35.30 4.86 24.92 
0020 35.29 4.86 24.91 
0030 35.29 4.80 24.94 
0050 35·29 4.85 24.80 
0075 34.85 5.78 19.60 
0100 34.68 5.86 16.66 
0150 34.50 5.15 14.53 
0200 34.38 5.07 13·15 
p065 0000 35.24 4.73 25.10 
0010 35·23 4.80 25.10 
0020 35.26 4.78 25.08 
0030 35.26 4.75 25.12 
0050 35.26 4.82 25.11 
0075 35.26 4.85 24.79 
0100 35.29 4.85 25.02 
0150 34.93 5.38 18.28 
0200 34.79 4.80 16.70 
p067 0000 35.36 4.80 25.56 
0010 35.33 4.72 25·54 
0020 35·33 4.77 25·52 
0030 35.34 4.77 25.56 
0050 35.32 4.73 25·53 
0075 35.18 5.43 22·30 
0100 35.10 5.41 19.57 
0150 34.92 5.17 17.62 
0200 34.73 4.96 16.08 
1/ Station positions are sho~m in Table II. 
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The second cruise, aboard the U. S. S. Rehobeth, left Honolulu on 
Novembel~ 13, 1961 and returned on December 12th. The shi:Ciboard ivork was 
conducted by Mr. Neil Shim under ONR Contract 2591(00) ifith the University 
of Havraii. Figure 1 shows the a:cea sau.I?led in the Central Pacific. 
The similarities of hTO productivity techniques employed are 
briefly described below, together vrith the code number uhich identifies 
them on the data tables for N067(Table IV). 
1. l'iater samples from five depths, surface meter and per cent 
light depths 64, 30, 16 and J. as determined, if morning, at the previous 
noon or, if noon, at the time of sampling. These we:ce held in a 1961-
type fluorescent incubator t-rith neutral density filte:cs for the respec-
tive depths. 
2. l'ater sar:!ples frOId the sur:tace meter i'Tere incubated in a 
1961-type fluo:cescent incubator ilith neutral denSity filters to simUlate 
the depths of 64, 30, 16 and 1 ~)er cent light penetration. 
The 1961- incubator is described above vTith the information on 
c:cuise Nc66. 
T.A:BUl rI. Productivity and pigment data, Rehoboth, 1961 (No67). 
VE CR STA NUI~ H D M Y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL. B CHL C TOTAL NAS AS LT S VEeR 
NO 67 0000 0000 08 16/11/61 2014N 17530W 090 0000 1 5 000.069 00.02 00.00 00.34 00.36 0.00 0.03 1'1061 5 
0001 0000 1 5 000.096 00.02 00.00 00.34 00.36 0.00 0.03 5 
0001 0003 06 17/11/61 1959N 17959W 054 0000 1 5 000.090 5 
0004 0000 1 5 000.101 5 
0006 0015 1 5 000.031 5 
0007 0015 1 5 000.029 5 
0009 0035 1 5 000.025 5 
0010 0035 1 5 000.014 5 
0012 0060 1 5 000.013 5 
0013 0060 1 5 000.008 5 
0015 0090 1 5 000.019 5 
0016 0090 1 5 000.026 5 
0018 0000 2 5 000.014 5 
0019 0000 2 5 000.066 5 
0021 0000 2 5 000.046 5 
0022 0000 2 5 000.026 5 
0024 0000 2 5 000.050 5 
0025 0000 2 5 000.006 5 
0027 0000 2 5 000.014 5 
0028 0000 2 5 000.023 5 
0030 11 1956N 11951W 0000 1* 5 000.003- 00.03 00.05- 00.46 00.43 0.06- 0.05 5 
0031 0000 1 5 000.009 00.03 00.05- 00.46 00.43 0.06- 0.05 5 
0033 0016 1 5 000.038 00.06 00.05 00.30 00.41 1~.05- 0.08 5 
0034 0016 1 5 000.042 00.06 00.05 00.30 00.41 0.05- 0.08 5 
0036 0024 1 5 000.001 00.05 00.03- 00.51 00.53 0.01- 0.04 5 
0037 0024 1 5 000.008 00.05 00.03- 00.51 00.53 1).01- 0.04 5 
0039 0030 1 5 000.004 00.02 00.06 00.33 00.41 1),00 0.02 5 
0040 0030 1 5 000.003 00.02 00.06 00.33 00.41 0.00 0.02 5 
0042 0040 1* 5 000.006- 00.03 00.03- 00.21 00.21 ()'01- 0.02 5 
0043 0040 1* 5 000.007- 00.03 00.03- 00.21 00.21 ().01- 0.02 5 
0048 0000 2 5 000.087 5 
0049 0000 2 5 000.037 5 
0051 0000 2 5 000.020 5 
0052 0000 2 5 000.014 5 
0053 0000 2* 5 000.001- 5 
0054 0000 2 5 000.014 5 
0055 0000 2 5 000.005 5 
0056 0000 2* 5 000.002- 5 
0002 0057 06 18/11/61 1654N 17902E 055 0000 1 5 000.050 00.01 00.00 00.20 00.21 0.02 0.01- 5 
0058 0000 1 5 000.062 00.01 00.00 00.20 00.21 ().02 0.01- 5 
0060 0000 2 9*5 000.055 00.01 00.01 00.02- 00.00 (l.02 0.00 5 
0061 0000 2 9*5 000.057 00.01 00·01 00.02- 00.00 0.02 0.00 5 
0063 0000 2 5 000.025 5 
0064 0000 2 5 000.025 5 
0066 0000 2 5 000.014 5 
0067 0000 2 5 000.012 5 
0069 0000 2 5 000.001 5 
0070 0000 2* 5 000.007- 5 
0012 0016 1 5 000.034 00.04 00.04 oo.li. 00.30 0.03- 0.04 5 
0073 0016 1 5 000.043 00.04 00.04 oo.z-z 00.30 0.03- 0.04 5 H 
I 0075 0024 1 5 000.015 00.02 00.05 00.11 00.24 C).Ol- 0.03 5 w 
-.l 0076 0024 1 5 000.004 00.02 00.05 00.17 00.24 0.01- 0.03 5 
VE CR STA HUM H D M Y LAT LONG MS OPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT 'I vECR 
NO 67 0602 0078 06 18/11/61 1654N 17902E 055 0030 1 5 000.010 00.02 00.01- 00.14 00.16 0.02 0.00 1'1067 5 
0079 0030 1 5 000.008 00.02 00.01- 00.14 00.16 0.02 0.00 5 
0081 0040 1 5 000.002 00.04 00.04 00e23 00.31 0.00 0.04 5 
0082 0040 1* 5 000.002- 00.04 00.04 00.23 00.31 0.00 0.04 5 
0087 11 17903E 0000 2 5 000.018 5 
0088 0000 2 5 000.015 5 
0090 0000 2 5 000.002 5 
0091 0000 2 5 000.005 5 
0092 0000 2 5 000.000 5 
0093 0000 2 5 000.101 5 
0094 0000 2* 5 000.003- 5 
0095 0000 2* 5 000.007- 5 
0096 0000 1 5 000.021 00.04 00.01- 00.13 00.16 0.02 0.01 5 
0097 0000 1 5 000.014 00.04 00.01- 00.13 00.16 0.02 0.01 5 
0099 12 0004 1 5 000.012 00.05 00.01 00.44 00.49 0.04- 0.05 5 
0100 0004 1 5 000.021 00.05 00.01 00.44 00.49 0.04- 0.05 5 
0102 0024 1 5 000.012 00.02 00.02- 00.32 00.32 0.03- 0.03 5 
0103 0024 "I 5 000.01 .. no.n 00.02- 00.32 00.32 0.03- 0.03 5 
0105 0060 1 5 000.000 00.00 00.05 00.27 00.32 0.03- 0.05 5 
0106 0060 1 5 000.006 00.00 00.05 00.27 00.32 0.03- 0.05 5 
0108 0102 1* 5 000.003- 00008 00.07 00.33 00.48 0.00 0.03 5 
0109 0102 1* 5 000.006- 00.08 00~07 00.33 00.48 0.00 0.03 5 
0003 0111 06 19/11/61 1412N 17951W 054 0000 2 9*5 000.047 00.00 00.01 00.01- 00.00 0.00 0.02 5 
0112 0000 2 9*5 000.038 00.00 00.01 00.01- 00.00 0.00 0.02 5 
0114 0000 2 5 000.021 5 
0115 0000 2 5 000.030 5 
0117 0000 2* 5 000.042- 5 
0118 0000 2* 5 000.022- 5 
0120 0000 2 5 000.010 5 
0121 0000 2 5 000.009 5 
0123 0000 1 5 000.068 00.03 00.03 00.18 00.24 0.02- 0.04 5 
0124 0000 1 5 000.103 00.03 00.03 00.18 00.24 0.02- 0.04 5 
0126 0004 1 5 000.061 00.03 00.01- 00.19 00.21 0.00 0.02 5 
0127 0004 1 5 000.018 00.03 00.01- 00.19 00.21 0.00 0.02 5 
0129 0024 1 5 000.025 00.02 00.01 00.19 00.22 0.01- 0.03 5 
0130 0024 1 5 000.023 00.02 00.01 00.19 00.22 0.01- 0.03 5 
0132 0060 1 5 000.019 00.01 00.01- 00.23 00.22 0.02- 0.02 5 
0133 0060 1 5 000.014 00.01 00.01- 00.23 00.22 0.02- 0.02 5 
0135 0102 1 5 000.001 00.09 00.09 00.58 00.77 0.04- 0.07 5 
0136 0102 1* 5 000.004- 00.09 00.09 00.58 00.11 0.04- 0.07 5 
0138 11 1417N 17952E 055 0000 1* 5 000.019- 00.02 00.05 00.11 00.24 0.03- 0.04 5 
0139 0000 1 5 000.128 00.,02 00.05 00.17 00.24 0.03- 0.04 5 
0141 12 0004 1 5 000.025 00.15 00.01 00.14 00.30 0.02 0.03 5 
0142 0004 1 5 000.029 00.15 00.01 00.14 00.30 0.02 0.03 5 
0144 0010 1 5 000.008 00.10 00.06 00.35- 00.19- 0.02 0.00 5 
0145 0010 1 5 000.011 00.10 00.06 00.35- 00.19- 0.02 0.00 5 
0147 0054 1 5 000.002 00.04 00.02 00.41 00.47 0.00 0.05 5 
0148 0054 1 5 000.023 00.04 00.02 00.41 00.47 0.00 0.05 5 
0150 0099 1 5 000.009 00.04 00.04 00.13- 00.05- 0.02 0.00 5 
0151 0099 1 5 000.015 00.04 00.04 00.13- 00.05- 0.02 O~OO 5 H I 0156 11 0000 2 5 000.05l 5 w 
0157 0000 2 5 000.059 5 ex:> 
VE CR STA NUM H 0 M Y LAT L.ONG MS DPTH 1 2 3 PROD CHL A CHI.. B CHLC TOTAL HAS AS LT 
" 
VECR 
NO 67 0003 0159 11 19/11/61 1417N 17952E 055 0000 2 5 000.006 H067 5 
0160 0000 2 5 000.050 5 
0161 0000 2 5 000.017 5 
0162 0000 2 5 000.017 5 
0163 0000 2 5 000.019 5 
0164 0000 2 5 000.003 5 
0004 0165 06 20/11/61 1102N 17958W 054 0000 i 5 000.082 00.04 00·04 00.04 OO.ll 0.01 0.01 5 
0166 0000 1 5 000.068 00.04 00.04 00.04 00.11 0.01 0.01 5 
0168 0004 1 5 000.048 00.02 00.05 00.21- 00.14- 0.00 0.00 5 
0169 0004 1 5 000.050 00~02 00.05 00.21- 00.14- 0.00 0.00 5 
0171 0010 1 5 000.032 00.05 00.03 00.09- 00.01- 0.00 0.01 5 
0172 0010 1 5 000.016 00.05 00.03 00.09- 00.01- 0.00 0.01 5 
0174 0054 1 5 000.000 00.04 00.07 00.13- 00.02- 0.04- 0.04 5 
0175 0054 1 5 000.001 00.04 00.07 00.13- 00~02- 0.04- 0.04 5 
0177 0099 1 5 000.007 00.04 00.05 00.08 00.18 0.01 0.01 5 
0178 0099 1 5 000.011 00.04 00.05 00.08 00.18 0.01 0.01 5 
0180 0000 .2 9*5 000.050 00.00 00.01- 00.01 00.00 0.01 0.00 5 
0181 0000 2 9*5 000.050 00.00 00.01- 00.01 00.00 0.01 0 .. 00 5 
0183 0000 2 5 000.024 5 
0184 0000 2 5 000.017 5 
0186 0000 2 5 000.007 5 
0187 0000 2 5 000.022 5 
0189 0000 2 5 000.003 5 
0190 0000 2 5 000.005 5 
0192 11 0000 1 5 000.027 00.02 00.04 00.24- 00.17- 0.00 0.00 5 
0193 0000 1 5 000.016 00.02 00.04 00.24- 00.17- 0.00 0 .. 00 5 
0195 0014 1 5 000.005 00.04 00.05 OO.lZ 00.21 0.01- 0.05 5 
0196 0014 1 5 000.003 00.04 00e05 00.12 00.21 0.01- 0.05 5 
0198 0028 1* 5 000.020- 00.01 00.03 00.24- 00.20- 0.01 0.00 5 
0199 0028 1 5 000.011 00.01 00.03 00.24- 00.20- 0.01 0.00 5 
0201 0066 1* 5 000.004- 00.05 00.07 00.10- 00.01 0.00 0.02 5 
0202 0066 1* 5 000.001- 00.05 00.07 00.10- 00.01 0.00 0.02 5 
0204 0105 1 5 000.004 00.02 00.03 00.13- 00.07- 0.02 0.01- 5 
0205 0105 1 5 000.052 00.02 00.03 00.13- 00.07- 0.02 0.01- 5 
0210 0000 2 5 000.001 5 
0211 0000 2 5 000.010 5 
0213 0000 2* 5 000.002- 5 
0214 0000 2* 5 000.004- 5 
0215 0000 2* 5 000.002- 5 
0216 0000 2 5 000.004 5 
0217 0000 2* 5 000.005- 5 
0218 0000 2* 5 000.001- 5 
0005 0219 06 21/11/61 081SN 17950W 018 0000 1 5 000.113 00.04 00.05 00.01 00.09 0.00 0.01 S 
0220 0000 1 5 000.122 00.04 00.05 00.01 00.09 0.00 0.01 5 
0222 0014 1 5 000.081 00.02 00.01 00.19- 00.16- 0.02 0.01- 5 
0223 0014 1 5 000.070 00.02 00.01 00.19- 00.16- 0.02 0.01- 5 
0225 0028 1 4 00.05 00.05 00.08- 00.02 0.02- 0.04 5 
0228 0066 1 4 00.03 00.04 00.18- 00.11- 0.02 0.01 S 
0229 0105 1 4 00.07 00.05 00.02 00.14 0.02 0.01 5 
0230 0000 2 9*4 00.01 00.01 00.03- 00.00 0.02 0.01- 5 H I 0231 0000 2 5 000.039 5 w 
0232 0000 2 5 000.037 5 \0 
VE CR STA NUl" H 0 M y LAT LONG 1015 DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT ~ VEeR 
NO 67 0005 0234 06 21/11/61 0815N 17950W 018 0000 2 5 000.013 N067 5 
0235 0000 2 5 000.018 5 
0237 0000 2 5 000.009 5 
0238 0000 2* 5 000.013- 5 
0240 11 08l6N 17951W 0000 1 5 000.002 00.05 00.03- 00 .. 30 00.32 0.01- 0 .. 04 5 
0241 0000 1 5 000.020 00.05 00.03- 00.30 00.32 0.01- 0.04 5 
0243 0006 1 5 000.001 00.04 00.02 00.44 00.50 0.02- 0.06 5 
0244 0006 1 5 000.002 00.04 00.02 00.44 00.50 0.02- 0.06 5 
0246 0041 1 5 000.000 00.02 00.02- 00.25 00.26 0.02- 0.03 5 
02 l f7 0041 1* 5 000.001- 00.02 00.02- 00.25 00.26 0.02- 0.03 5 
0249 0078 1 5 000.002 00.11 00.04 00.73 00.88 0.02- 0.07 5 
0250 0078 1 5 000.003 00.11 00.04 00.73 00.88 0.02- 0.07 5 
0252 0102 1* 5 000.017- 00.04 00.01 00.13 00.18 0.00 0.02 5 
0253 0102 1* 5 000.011- 00.04 00.01 00.13 00.18 0.00 0.02 5 
0258 0000 2* 5 000.007- 5 
0259 0000 2 5 000.006 5 
0261 0000 .2* 5 000.004- 5 
0262 0000 2 5 000.002 5 
0263 0000 2* 5 000.006- 5 
0264 0000 2 5 000.009 5 
0265 0000 2 5 000.006 5 
0266 0000 2 5 000.010 5 
0006 0267 09 22/11/61 0515N 17957W 0000 1 5 000.019 00.05 00.00 00.26 00.31 0.00 0.02 5 
0268 0000 1 5 000.019 00.05 00.00 00.26 00.31 0.00 0.02 5 
0270 10 0000 1* 5 000.001- 00.00 00.00 00.05 00.05 0.00 0.00 5 
0271 0000 1 5 000.008 00.00 00·00 00.05 00.05 '0.00 0.00 5 
0273 11 0006 1* 5 000.012- 00.05 00.01- 00.21 00.25 0.03- 0.04 5 
0274 0006 1 5 000.010 00.05 00.01- 00.21 00.25 10.03- 0.04 5 
0276 0031 1 5 000.001 00.03 00.00 00.03 00.06 10.00 0.00 5 
0277 0031 1* 5 000.001- 00.03 00.00 00.03 00.06 0.00 0.00 5 
0279 0062 1 5 000.013 00.04 00.03 00.30 00.37 1:>.01- 0.·04 5 
0280 0062 1 5 000.011 00.04 00.03 00.30 00.37 1:).01- 0.04 5 
0282 0092 1* 5 000.001- 00.05 00.01 00.01- 00.06 0.01 0.01 5 
0283 0092 1* 5 000.006- 00.05 00.01 00.01- 00.06 IhOl 0.01 5 
0288 10 0000 2* 5 000.006- 5 
0289 0000 2* 5 000.008- 5 
0291 0000 2 5 000.000 5 
0292 0000 2* 5 000.014- 5 
0293 0000 2 5 000.008 5 
0294 0000 2* 5 000.012- 5 
0295 0000 2* 5 000.007- 5 
0296 0000 2 5 000.005 5 
0007 0297 06 23/11/61 01S8N 17946E 019 0000 1 5 000.441 00.09 00.02 00.20 00.32 (),OO 0.03 5 
0298 0000 1 5 000.385 00.09 00.02 00.20 00.32 0.00 0.03 5 
0300 07 0006 1 5 000.445 00.05 00.03- 00.27 00.29 C)'Ol- 0.02 5 
0301 0006 1 5 000.369 00.05 00.03- 00.27 00.29 ()'Ol- 0.02 5 
0303 0031 1 5 000.212 00.04 00·04 00.23 00.31 0.01 0.01 5 
0304 0031 1 5 000.237 00.04 00.04 00.23 00.31 ().01 0.01 5 
0306 0062 1 5 000.031 00.11 00.07 00.40 00.58 0.01- 0.05 5 
0307 0062 1 5 000.017 00.11 00.07 00.40 00.58 0.01- 0.05 5 H 
0309 0092 1 5 000.000 00.04 00.02 00.25 00.31 c).Ol 0.01 5 I .;:-
0310 0092 1 5 000.010 00.04 00.02 00.25 00.31 0.01 0.01 5 0 
VE CR STA NUM H D M y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL. 8 CHL C TOTAL NAS AS LT S VECR 
NO 67 0007 0312 06 23/11/61 0158N 17946E 019 0000 2 9*5 000.271 00.19 00.09 00.34 00.62 0.06 0.03 N067 5 
0313 0000 2 9*5 000.372 00.19 00.09 00.34 00.62 0.06 0.03 5 
0315 0000 2 5 000.139 5 
0316 0000 2 .5 000.161 5 
0318 0000 2 5 000.059 5 
0319 0000 2 5 000.056 5 
0321 0000 2 5 000.040 5 
0322 0000 2 5 000.057 5 
0324 11 0000 1 5 000·.176 00.06 00.04 00.30 00.41 0.01- 0.02 5 
0325 0000 1 5 000.148 00.06 00.04 00.30 00.41 0.01- 0.02 5 
0327 12 0008 1 5 000.094 00.09 00.07 00.33 00.48 0.01- 0.04 5 
0328 0008 1 5 000.110 00 .. 09 00.07 00.33 00.48 0.01- 0.04 5 
0330 0023 1 5 000.020 00.06 00.02 00.13 00.22 0.02 0.01 5 
0331 0023 1 5 000.038 00.06 00.02 00.13 00.22 0.02 0.01 5 
0333 0037 1 5 000.042 00.16 00.10 00.66 00.92 0.02- 0.06 5 
0334 0037 1* 5 000.004- 00.16 00.10 00.66 00.92 0.02- 0.06 5 
0336 0058 1 5 000.000 00.09 00.09 00.27 00.45 0.01 0.02 5 
0337 0058 1 5 000.002 00.09 00.09 00.27 00.45 0.01 0.02 5 
0339 11 0000 2 9*5 000.077 00.12 00.05 00.25 00.43 0.03 0.04 5 
0340 0000 2 9*5 000.133 00.12 00.05 00.25 00.43 0.03 0.04 5 
0342 0000 2 5 000.051 5 
0343 0000 2 5 000.060 5 
0344 0000 2 5 000.038 5 
0345 0000 2 5 000.034 5 
0346 0000 2 5 000.066 5 
0347 0000 2 5 000.071 5 
0008 0351 08 24/11/61 00575 17958W 317 0000 1 5 000.500 00.08 00-08 00.19- 00.03- 0.00 0.01 5 
0352 0000 1 5 000.506 00.08 00.08 00.19- 00.03- 0.00 0.01 5 
0354 0008 1 5 000.292 00.06 00.02 00.06 00.14 0.04 0.00 5 
0355 0008 1 5 000.338 00.06 00.02 00.06 00.14 0.04 0.00 5 
0357 0023 1 5 000.123 00.07 00.02 00.34 00.43 0.02 0.03 .5 
0358 0023 1 5 000.097 00.07 00-02 00.34 00.43 0.02 0.03 5 
0360 0037 1 5 000.061 00.23 00.15 00.69 01.06 0.00 0.09 5 
0361 0037 1 .5 000.056 00.23 00.15 00.69 01.06 0.00 0.09 5 
0363 0058 1 5 000.004 00.25 00.16 00.81 01.22 0.03 0.08 5 
0364 0058 1 5 000.002 00.25 00.16 00.81 01.22 0.03 0.08 5 
0366 0000 2 9*5 000.165 00.08 00-07 00.39 00.54 0.03 0.03 5 
0367 0000 2 9*5 000.169 00.08 00.07 00.39 00.54 0.03 0.03 5 
0369 0000 2 5 000.076 5 
0370 0000 2 5 000.062 5 
0372 0000 2 5 000.045 5 
0373 0000 2 5 000.042 5 
0375 0000 2 5 000.022 5 
0376 0000 2 5 000.018 5 
0378 13 0000 1 5 000.115 00.07 00.07 00.16 00.31 0.02 0.03 5 
0379 0000 1 5 000.125 00.07 00.07 00.16 00.31 0.02 0.03 5 
0381 0010 1 5 000.096 00.20 00.14 00.89 01.23 0.00 0.10 5 
0382 0010 1 5 000.093 00.20 00.14 00.89 01.23 0.00 0.10 5 
0384 0028 1 5 000.020 00.10 00.02 00.23 00.35 0.03 0.03 5 
0385 0028 1 5 000.005 00.10 00.02 00.23 00.35 0.03 0.03 5 H I 
0387 0035 1 5 000.001 00.13 00.08 00.71 00.93 0.01 0.05 5 .::-
..... 
0388 0035 1 5 000.002 00.13 00.08 00.71 00.93 0.01 0.05 5 
:-
VE CR 5TA NUM H D M y LAT LONG M5 DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT • vEeR 
NO 67 0008 0390 13 24/11/61 00575 17958W 317 0059 1* 5 000.010- 00.05 00.01 00.22 00.28 0.02 0.01 N067 5 
0391 0059 1 5 000.000 00.05 00.01 00.22 00.28 0.02 0.01 5 
0393 0000 2 9*5 000.053 00.07 00.05 00.12 00.24 0.01 0.02 5 
0394 0000 2 9*5 000.035 00.07 00.05 00.12 00.24 0.01 0.02 5 
0396 0000 2 5 000.015 5 
0397 0000 2 5 000.033 5 
0398 0000 2* 5 000.001- 5 
0399 0000 2 5 000.012 5 
0400 0000 2 5 000.016 5 
0401 0000 2 5 000.019 5 
0009 0405 07 25/11/61 04005 17959W 0000 1 5 000.161 00.04 00.05 00.01- 00.09 0.01 0.01 5 
0406 0000 1 5 000.165 00.04 00.05 00.01- 00.09 0.01 0.01 5 
0408 0010 1 5 000.130 00.01 00.01- 00.16 00.16 0.02 0.01 5 
0409 0010 1 5 000.104 00.01 00.01- 00.16 00.16 0.02 0.01 5 
0411 0028 1 5 000.038 00.07 00.03 00.52 00.62 0.·01- 0.06 5 
0412 0028 1 5 000;038 00.07 00.03 00.52 00.62 0.01- 0.06 5 
0414 0035 1 5 000.018 00.03 00.03 00.24 00.31 0.02 0.03 5 
041.5 0035 1 5 000.020 00.03 00.03 00.24 00.31 0.02 0.03 5 
0417 0059 1 5 000.016 00.08 00.00 00.55 00.63 0.01- 0.05 5 
0418 0059 1 5 000.010 00.08 00.00 00.55 00.63 0.01- 0.05 5 
0420 0000 2 9*5 000.109 00.08 00.03 00.25 00.36 0.02 0.02 5 
0421 0000 2 9*5 000.086 00.08 00.03 00.25 00.36 0.02 0.02 5 
0423 0000 2 5 000.052 5 
0424 0000 2 5 000.046 5 
0426 0000 2 5 000.029 5 
0427 0000 2 5 000.033 5 
0429 0000 2 5 000.018 5 
0430 0000 2 5 000.021 5 
0432 13 0000 1 5 000.003 00.02 00.02 00.19 00.22 0.29 0.20- 5 
0433 0000 1 5 000.003 00.02 00.02 00.19 00.22 0.29 0.20- 5 
0435 0007 1* 5 000.001- 00.04 00.02 00.41 00.41 0.01- 0.05 5 
0436 0007 1 5 000.001 00.04 00.02 00.41 00.41 0.01- 0.05 5 
0438 0041 1* 5 000.016- 00.03 00.00 00.23 00.25 0.00 0.04 5 
0439 0041 1* 5 000.004- 00.03 00.00 00.23 00.25 0.00 0.04 5 
0441 0066 1* 5 000.003- 00.07 00.05 00.01- 00.11 0.00 0.04 5 
0442 0066 1* 5 000.004- 00.07 00.05 00.01- 00.11 0.00 0.04 5 
0444 0087 1* 5 000.002- 00.09 00.04 00.10 00.23 0.03 0.05 5 
0445 0081 1 5 000.002 00.09 00.04 00.10 00.23 0.03 0.05 5 
0447 000.0 2 9*5 000.070 00.03 00·02 00.04 00.08 0.03 0.01 5 
0448 0000 2 9*5 000.031 00.03 00.02 00.04 00.08 0.03 0.01 5 
0450 0000 2 5 000.084 5 
0451 0000 2 5 000.087 5 
0452 0000 2 5 000.009 5 
0453 0000 2 5 000.014 5 
0454 0000 2 5 000.012 5 
0455 0000 2 5 000.006 5 
0010 0459 06 26/11/61 .05565 17955W 0000 1 5 000.025 00.04 00.06 00.06- 00.04 0.00 0.03 5 
0460 0000 1 5 000.030 00.04 00.06 00.06- 00.04 0.00 0.03 5 
0462 0007 1 5 000.029 00.04 00.05 00.01- 00.02 0.01- 0.07 5 
0463 0007 1 5 000.031 00.04 00.05 00.07- 00.02 0.01- 0.07 5 t-I I 
0465 0041 1* 5 000.029- 00.05 00.07 00.14- 00.02- 0.00 0.04 5 .;:-III 0466 0041 1 5 000.018 00.05 00.07 00.14- 00.02- 0.00 0.04 5 
VE CR STA NUM H D M y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL. B CHL C TOTAL NAS AS LT ~ VEeR 
NO 67 0010 0468 06 26/11/61 05565 17955W 317 0066 1 5 OOO~OlS 00.05 00.05 00.12~ 00.02- 0.03 0.02 N067 5 
0469 0066 1 5 000.027 00.05 00.05 00.12- 00.02- 0.03 0.02 5 
0471 0087 1 5 000.017 00.10 00.03 00.11 00.24 0.02 0.03 5 
04·72 0087 1 5 000.018 00.10 00.03 CO.11 00.24 0.02 0.03 5 
0474 0000 2 9*5 000.010 00.04 00.03 00.18 00.24 0.01 0.02 5 
04·75 0000 2 9*5 000.022 00.04 00.03 00.18 00.24 0.01 0.02 5 
0477 0000 2 5 000.013 5 
0478 0000 2 5 000.010 5 
0480 0000 2* 5 000.004- 5 
0481 0000 2* 5 000.003- 5 
0483 0000 2 5 000.009 5 
0484 0000 2 5 000.006 5 
0486 09 07035 0000 1 5 000.021 5 
0487 0000 1 5 000.018 5 
0489 11 07475 18000E 318 0000 1 5 000.029 00.02 00.01 00.09- 00.06- 0.01 0.01 5 
0490 0000 1 5 000.018 00.02 00 .. 01 00.09- 00.06- 0.01 0.01 5 
0492 0006 1* 5 000.030- 00.05 00.06 00.06- 00.05 0.02 0.03 5 
0493 0006 -1 * 5 000.014- 00.05 00.06 00.06- 00.05 0.02 0.03 5 
0495 0033 1* 5 000.009- 00.00 00.02 00.06- 00.04- 0.02 0.01 5 
0496 0033 1* 5 000.011- 00.00 00.02 00.06- 00.04- 0.02 0.01 5 
0498 0064 1* 5 000.002- 00.09 00.11 00.09 00.29 0.01 0.06 5 
0499 0064 1* 5 000.016- 00.09 00.11 00.09 00.29 0.01 0.06 5 
0501 12 0095 1* 5 000.006- 00.16 00.06 00.01 00.22 0.00 0.06 5 
0502 0095 1* 5 000.013- 00.16 00.06 00.01 00.22 0.00 0.06 S 
OS04 11 0000 2*9*5 000.006- 00.02 00.01 00.06- 00.03- 0.01 0.00 S 
0505 0000 2*9*5 000.007- 00.02 00.01 00.06- 00.03- 0.01 0.00 5 
0507 0000 2* S 000.009- 5 
0508 0000 2* 5 000.006- 5 
0509 0000 2* 5 000.010- S 
0510 0000 2* 5 000.011- 5 
05H 0000 2* 5 000.006- 5 
0512 0000 2* 5 000.006- 5 
0011 0516 06 27/11/61 09595 17958W 317 0000 1 5 000.056 00.04 00.07 00e15- 00.05- 0.00 0.03 5 
0517 0000 1 5 000.064 00.04 00·07 OO.IS- oo.OS- 0.00 0.03 5 
0519 0006 1 5 000.033 00.01 00 .. 03 00.21- 00.17- 0.04 0.01 5 
0520 0006 1 5 000.014 00.01 00.03 00.21- 00.17- 0.04 0.01 5 
052!2 0033 1 5 000.023 00.05 00.07 00.17 00.30 0.01 0.05 5 
0523 0033 1 5 000.009 00.05 00.07 00.17 00.30 0.01 0.05 S 
0525 006lf. 1 5 000.004 00.02 00.00 00.05- 00.03- 0.03 0.01 5 
0526 0064 1 S 000.004 00.02 00.00 00.05- 00.03- 0.03 0.01 5 
0528 0095 1* 5 000.020- 00.13 00.14 00.32 00.60 0.05- 0.10 5 
0529 0095 1* 5 000.007- 00.13 00.14 00.32 00.60 0.05- 0.10 5 
0531 0000 2 9*5 000.025 00.02 00.01- 00.02- 00.00 0.00 0.01 5 
0532 0000 2 9*S 000.032 00.02 00·01- 00.02- 00.00 0.00 0.01 5 
0534 0000 2 5 000.016 5 
0535 0000 2 5 000.011 5 
0537 0000 2 5 000.010 5 
0538 0000 2 5 000.006 5 
0540 0000 2 5 000.004 5 
0541 0000 2 5 000.002 5 H I 0543 12 11215 18000E 0000 1 5 000.054 00.04- 00.02 00.44 00.50 0.04- 0.06 5 .j:-w 0544 0000 1 5 000.054 00.04 00·02 00.44 00.50 10.04- 0.06 5 
VE CR STA NUM H D M Y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NA5 AS LT '.1\ VECR 
NO 67 0011 0546 12 27/11/61 11215 18000E 317 0004 1 5 000.035 00.04 00.02 00.25 00.31 0.01- 0.05 N067 5 
0547 0004 1 5 000.033 00.04 00.02 00.25 00.31 0.01- 0.05 5 
0549 0024 1 5 000.017 00.02 00.00 00.30 00.32 0.03- 0.05 5 
0550 0024 1 5 000.016 00.02 00.00 00.30 00.32 0.03- 0.05 5 
0552 0048 1 5 000.015 00.05 00·00 00.55 00.60 0.03- 0.07 5 
0553 0048 1 5 000.010 00.05 00.00 00.55 00.60 0.03- 0.07 5 
0555 0089 1* 5 000.007- 00.04 00.03 00.27 00.34 0.02- 0.0.6 5 
0556 0089 1 5 000.003 00.04 00.03 00.27 00.34 0.02- 0.06 5 
0558 0000 2 9*5 000.023 00.00 00.01- 00.06 00.05 0.07- 0.14 5 
0559 0000 2 9*5 000.035 00.00 00.01- 00.06 00.05 0.07- 0.14 5 
0561 0000 2 5 000.012 5 
0562 0000 2 5 000.013 5 
0563 0000 2 5 000.008 5 
0564 0000 2 5 000.011 5 
0565 0000 2 5 000.005 5 
0566 0000 2 5 000.003 5 
0014 0570 11 29/11/61 12595 17320W 353 0000 1 5 000.043 00.04 00.01 00.32 00.37 0.02- 0.05 5 
0571 0000 1 5 000.054 00.04 00·01 00.32 00.37 0.02- 0.05 5 
0573 0009 1 5 000.019 00.01 00.02 00.13 00.15 0.03- 0.06 5 
0574 0009 1 5 000.028 00.01 00.02 00.13 00.15 0.03- 0.06 5 
0576 0023 1 5 000.014 00.08 00.01 00.37 00.46 0.01- 0.05 5 
0577 0023 1 5 000.011 00.08 00.01 00.37 00.46 0.01- 0.05 5 
0579 0062 1* 5 000.007- 00.05 00.01 00.51 00.57 0.03- 0.06 5 
0580 0062 1* 5 000.008- 00.05 00.01 00.51 00.57 0.03- 0.06 5 
0582 0096 1 5 000.004 00.14 00.10 00.84 01.08 0.08- 0.14 5 
0583 0096 1 5 000.002 00.14 00.10 00.84 01.08 0.08- 0.14 5 
0585 0000 2 5 000.023 5 
0586 0000 2 5 000.036 5 
0588 0000 2 5 000.012 5 
0589 0000 2 5 000.014 5 
0590 0000 2 5 000.013 5 
0591 0000 2 5 000.007 5 
0592 0000 2 5 000.005 5 
0593 0000 2 5 000.026 5 
0597 13 30/11/61 1151S 16812W 352 0000 1 5 000.016 00.07 00.04 00.54 00.65 0.03- 0.09 5 
0598 0000 1 5 000.012 00.07 00.04 00.54 00.65 0.03- 0.09 5 
0600 01/12/61 10305 16220W 0000 1 5 000.028 00.09 00.06 00.44 00.58 0.03- 0.07 5 
0601 0000 1 5 000.173 00.09 00.06 00.44 00.58 0.03- 0.07 5 
0015 0606 06 02/12/61 10055 16006W 0000 1 5 000.082 00.01 00·00 00.18 00.19 0.01- 0.03 5 
0607 0000 1 5 000.070 00.01 00.00 00.18 00.19 0.01- 0.03 5 0609 0009 1 5 000.041 00.07 00.02 00.48 00.56 0.02- 0.05 5 
0610 0009 1 5 000.040 00.07 00·02 00.48 00.56 0.02- 0.05 5 
0612 0023 1 5 000.012 00.12 00.13 00.82 01.08 0.20- 0.16 5 
0613 0023 1 5 000.010 00.12 00.13 00.82 01.08 0.20- 0.16 5 
0615 0062 1* 5 000.003- 00.05 00.03 00.22 00.30 0.03- 0.06 5 
0616 0062 1 5 000.003 00.05 00.03 00.22 00.30 0.03- 0.06 5 
0618 07 0096 1 5 000.267 00.05 00.03 00.38 00.46 0.02- 0.06 5 0619 0096 1 5 000.061 00.05 00.03 00.38 00.46 0.02- 0.06 5 0621 06 0000 2 5 000.041 5 0622 0000 2 5 000.036 5 H I 0624 0000 2 5 000.009 5 ~ ~ 0625 0000 2 5 000.016 5 
VE eR STA HUM H D M y LAT LONG MS DPTH 1 2 3 PROD eHL A CHL. B CHL e TOTAL HAS AS L.T !II VEeR 
NO 61 0015 0621 06 02/12/61 10055 16006W 352 0000 2 S 000.001 N061 5 
0628 0000 2 5 000.001 5 
0630 0000 2 5 000.003 5 
0631 0000 2 5 000.006 5 
0633 12 09155 16005W 316 0000 1 5 000.004 00.05 00 .. 02 00.30 00.31 0.01- 0.05 5 
0634 0000 1 5 000.004 00.05 00.02 00.30 00.37 0.01- 0.05 5 
0636 0009 1 5 000.003 00.03 00.87 00.30- 00.60 0.03- 0.07 5 
0637 0009 1* 5 000.002- 00.03 00.S7 00.30- 00.60 0.03- 0.07 5 
0639 0032 1* 5 000.002- 00.04 00.03 00.50 00.56 0.04- 0.07 5 
0640 0032 1 5 000.006 00.04 00.03 00.50 00.56 0.04- 0.07 5 
0642 0059 1* 5 000.013- 00.07 00.01 00.62 00.70 0.03- 0.08 5 
0643 0059 1* 5 000.001- 00.07 00.01 00.62 00.70 0.03- O.OS 5 
0645 0099 1 5 000.003 00.09 00.03 00.34 00.46 0.00 0.03 5 
0646 0099 1 5 000.005 00.09 00.03 00.34 00.46 O.OC 0.03 5 
0648 0000 2 5 000.007 5 
0649 0000 2 5 000.006 5 
0651 0000 2 5 000.001 5 
0652 0000 2 5 000.005 5 
0653 0000 2 5 000.000 5 
0654 0000 2 5 000.003 5 
0655 0000 2 5 000.003 5 
0656 0000 2 5 000.011 5 
0016 0660 06 03/12/61 07005 16000W 0000 1 5 000.178 00.03 00·02 00.14 00.18 0.01- 0.03 5 
0661 0000 1 5 000.231 00 .. 03 00.02 00.14 00.18 0.01- 0.03 5 
0663 0009 1 5 000.152 00.09 00.07 00.15- 00.00 0.02 0.01 5 
0664 0009 1 5 000.150 00.09 00.07 00.15- 00.00 0.02 0.01 5 
0666 0032 1 5 000.065 00.05 00.03 00.22 00.30 0.01 0.01 5 
0667 0032 1 5 000.053 00.05 00.03 00.22 00.30 0.01 0.01 5 
0669 0059 1 5 000.019 00.07 00.02 00.32 00.41 0.01- 0.03 5 
0670 0059 1 5 000.018 00.07 00.02 00.32 00.41 0.01- 0.03 5 
0672 07 0099 1 5 000.011 00.03 00.01- 00.23 00.25 0.03- 0.03 5 
0673 0099 1 5 000.020 00.03 00.01- 00.23 00.25 0.03- 0.03 5 
0675 06 0000 2 5 000.162 5 
0676 0000 2 5 000.155 5 
0678 0000 2 5 000.096 5 
0679 0000 2 5 000.092 5 
068l 0000 2 5 000.058 5 
0682 0000 2 5 000.044 5 
0684 000-0 2 5 000.027 5 
0685 0000 2 5 000.026 5 
0687 11 06215 16009W 0000 1 5 000.003 00.07 00.01 00.23 00.31 0.01- 0.03 5 
0688 0000 1 5 000.005 00.07 00.01 00.23 00.31 0.01- 0.03 5 
0690 0008 1 5 000.015 00.06 00.11 00.14 00.32 0.04- 0.06 5 
0691. 0008 1 5 000.015 00.06 00.11 00.14 00.32 0.04- 0.06 5 
0693 0028 1* 5 000.005- 00.08 00.03 00.51 00.62 0.01- 0.05 5 
0694 0028 1* 5 000.001- 00.08 00.03 00.51 00.62 0.01- 0.05 5 
0696 0035 1* 5 000.003- 00.07 00·03 00.37 00.46 0.00 0.05 5 
0697 0035 1 5 000.001 00.07 00'03 00.37 00.46 0.00 0.05 5 
0699 0087 1 5 000.003 00.07 00.04 00.41 00.52 0.01- 0.05 5 
0700 0087 1 5 000.004 00.01 00.04 00.41 00.52 0.01- 0.05 5 H I 0702 0000 2 5 000.006 5 ~ 
0703 0000 2 5 000.015 5 V1 
VE CR STA NUM H 0 M y lAT LONG MS D?TH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS IT 'i5 VEeR 
NO 67 0016 0705 11 03/12/61 06215 16009W 316 0000 2 5 000.001 N067 5 
0706 0000 2 5 000.003 5 
0707 0000 2 5 000.002 5 
{HOB 00002 '5 000.006 5 
0709 0000 2 5 000.003 5 
0710 0000 2 5 000.000 5 
0017 0714 06 04/12/61 04005 16000W 0000 1 '5 "00.249 00.06 00.01- 00.07 00.12 (1.02 0.01 5 
0715 0000 1 5 000.200 00.06 00.01- 00.07 00.12 0.02 0.01 5 
0717 0008 1 5 000.190 00.04 OOe03 00.14 00.21 CI.OO 0.02 5 
0718 0008 1 5 000.136 00.04 00.03 00.14 00.21 0.00 0.02 5 
0720 0028 1 5 000.049 00.01 00.00 00.08 00.09 0.00 0.01 5 
0721 002B 1 5 000.064 00.01 00.00 00.08 00.09 CI.OO 0.01 5 
On:i 0035 1 '5 000.013 00.04 00.06 00.40 00.49 0.00 0.04 5 
072'+ 0035 1 5 Oee.Olf> 00.04 00.06 00.40 00.49 0.00 0.04 5 
0726 00B7 1 5 000. ,no 00.03 00000 00.15 00.19 CI.01 0.01 5 
0727 0081 Ii!- 5 000.010- 00.03 00.00 00.15 00019 0.01 0.01 5 
0729 0000 2 5 000.121 5 
0730 0000 -2 5 OOOd39 5 
0732 00002 5 000.100 5 
0733 0000 2 5 000.059 5 
0735 0000 2 5 000.000 5 
073!> 0000 2 5 0013.017 5 
0738 0000 2 5 000.009 5 
0739 0000 2 5 000 .. 001 5 
0741 12 03335 16019W 0000 1 5 000.007 00.06 00'01 Oo.lB 00.25 0.01- 0.03 5 
0742 0000 1 5 oon.Ol0 00.06 00·01 00.18 00.25 0.01- 0.03 5 
0744 0007 1 5 000.,013 00.03 00·00 00.18 00.21 0.00 0.02 :i 
07451 0007 1 :; 000.019 00.03 00.00 00018 00.21 0.00 0.02 .. , 
0747 0029 1* S 000.005- 00.05 00007 00.21 00.33 0.01- 0.04 
0748, 0029 1 5 000.000 00.05 00.07 00.21 00.33 0.01- 0.04 
0750 0052 1 5 000.006 00.03 00.01 00.11 00.15 0.04- 0.07 ;; 
0751 0052 1 5 000.005 00.03 00.01 00.11 00.15 0.04- 0.07 5 
0753· 0081 1* 5 000.003- 00.09 00.05 00.41 00.55 0.01- 0.04 5 
0754· 0081 1 5 000,,001 00.09 00.05 00.41 00.55 0.01- 0.04 5 
0756 0000 2 5 000.007 5 
0751 COOO 2 5 000.019 5 
0759 0000 2 5 000.001 5 
0760 0000 2 5 000.000 5 
0761 0000 2* S 000.002- 5 
0162 0000 2 5 000.011 5 
0763 0000 2 5 000.005 5 
0764 0000 2 5 000.013 5 
0018 0768 06 05/12/61 01005 16000W 0000 1 5 000.451 00.09 00·05 00.26 00.41 0.01 0.03 5 
0769 0000 1 :. 000.440 00.09 00.05 00.26 00.41 0.01 0.03 5 
0771 0001 1 5 000.316 00.13 00 .. 08 00.60 00.82 0.01- 0.06 5 
0772 0007 1 5 000 .. 251 00.13 00008 00.60 00.82 0.01- 0.06 5 
0774 0029 1 5 000.119 00.13 00-04 00.40 00.57 0.01 0.04 5 
0775 0029 1 5 000.136 00.13 00.04 00.40 00.57 0.01 0.04 5 
0777 0052 1 5 000.050 00.18 00.09 00.80 01.07 0.02- 0.08 5 
0778 0052 1 5 000.040 00.18 00.09 00.80 01.01 0.02- 0.08 5 H I 07BO 0081 1 5 000.026 00.13 00.07 00.51 00.70 0.01- 0.05 5 ./=" 
0781 0081 1 5 000.029 QO.13 00.07 00.51 00.70 0.01- 0.05 5 0\ 
vE CR STA NUM H D M Y LAT LONG M5 DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL NAS AS LT 'J VECR 
NO 67 0018 0783 06 05/12/61 01005 16000W 316 0000 2* 5 000.010- N067 5 
0784 0000 2 5 000.185 5 
0786 0000 2 5 000.141 5 
0787 0000 2 5 000.147 5 
0789 0000 2 5 000.053 5 
0790 0000 2 5 000.056 5 
0792 0000 2 5 000.039 5 
0793 0000 2 5 000.045 5 
0795 12 00075 16005W 0000 1 5 000.065 00.07 00.04 00.20 00.30 0.00 0.03 5 
0796 0000 1 5 000.166 00.07 00.04 00.20 00.30 0.00 0.03 5 
0798 0007 1 5 000.051 00.13 00.07 00.47 00.67 OeOl 0.06 5 
0799 0007 1 5 000.080 00.13 00·07 00.47 00.67 0.01 0.06 5 
0801 0021 1 5 000.006 00.07 00.04 00.19 00.30 0.00 0.03 5 
0802 0021 1 5 000.004 00 .. 07 00.04 00.19 00.30 0.00 0.03 5 
0804 0034 1* 5 000.011- 00.09 00.05 00.22 00.36 IJ.OO 0.04 5 
0805 0034 1* 5 000.001- 00.09 00·05 00.22 00.36 0.00 0.04 5 
0807 0070 1* 5 000.005- 00.12 00·08 00.40 00.60 1).03- 0.06 5 
0808 0070 -1 5 000.000 00.12 00.08 00.40 00.60 0.03- 0.06 5 
0810 0000 2 5 000.078 5 
0811 0000 2 5 000.060 5 
0813 0000 2 5 000.022 5 
0814 0000 2 5 0{)0.030 5 
0815 0000 2 5 000.013 5 
0816 0000 2 5 000 .. 032 5 
0817 0000 2 5 000.014 5 
0818 0000 2 5 000.024 5 
0019 0822 05 06/12/61 0200N 16000W 017 0000 1 5 000.254 00.06 00.04 00.12 00.22 0.01- 0.03 5 
0823 0000 1 5 000.270 00.06 00.04· 00.12 00.22 0.01- 0.03 5 
0825 0007 1 5 000.217 00.10 00.07 00.45 00.61 (1.02- 0.06 5 
0826 0007 1 5 000.199 00.10 00.07 00.45 00.61 0.02- 0.06 5 
0828 0021 1 5 000.062 00.05 00.04 00.06 00.15 CI.Ol 0.03 ;) 
0829 0021 1 5 000.013 00.05 00.04 00.06 00.15 0.01 0.03 5 
0831 0034 1 5 000.012 00.09 00.05 00.32 00.46 CI.Ol- 0.04 5 
083,1 0034 1 5 000.027 00.09 00.05 00.32 00.46 CI.01- 0.04 5 
083 l f 06 0070 1 5 000.007 00.05 00.02 00.27 00.34 0.02- 0005 5 
0835 0070 1 5 000.009 00.05 00.02 1,10.27 00.34 0'c02- 0.05 5 
0837 05 0000 2 5 000.159 5 
0838 0000 2 5 000.203 5 
0840 0000 2 5 000.078 5 
0841 0000 2 5 000.095 5 
08431 0000 2 5 000.021 5 
0844· 0000 2 5 000.021 5 
0846 0000 2* 5 000.001- 5 
0847' 0000 2* 5 000.009- 5 
0849 12 0317N 16017W 0000 1 5 000.133 00.11 00.07 00.44 00.61 0.03- 0.07 5 
0850' 0000 1 5 000.137 00.11 00.07 00.44 00.61 0.03- 0007 5 
0852 0007 1 5 000.105 00.09 00.04 00.35 00.49 0.02- 0.06 5 
0853 0007 1 5 000 .146 00.09 00.04 00.35 00.49 0.02- 0.06 5 
0855 0016 1 5 000 .. 017 00.09 00.07 00.29 00.45 0.02- 0.05 5 
0856 0016 1 5 000.032 00.09 00.07 00.29 00.45 0.02- 0.05 5 H 
0858 0045 1 5 000.000 00.11 00.05 00.42 00.58 0.01- 0.05 5 I -I'"" 
0859 0045 1* 5 000.001- 00.11 00.05 00.42 00.58 0.01- 0.05 5 -l 
VE CR STA NUM H D M y LAT LONG MS DPTH 1 2 3 PROD CHL A CHL B CHL C TOTAL HAS AS LT 
" 
VECR 
NO 67 0019 0861 12 06/12/61 0317N 16017W 017 0074 1 5 000.001 00.09 00.07 00.20 00.36 0.02 0.02 N067 5 
0862 0074 1 5 000.002 00.09 00.07 00.20 00.36 0.02 0.02 5 
0864 0000 2 5 000. 058 5 
0865 0000 2 5 000.064- 5 
0867 0000 2 5 000.023 5 
0868 0000 2 5 000.021 5 
0869 0000 2 5 000.007 5 
0870 0000 2 5 000.005 5 
0871 0000 2 5 000.003 5 
0872 0000 2 5 000.015 5 
0020 0876 07 07/12/61 0533N 15946W 016 0000 1 5 000.243 00.01 00.00 00.24 00.25 0.01 0.02 5 
0877 0000 1 5 000.260 00.01 00.0-0 00.24 00.25 0.01 0.02 5 
0879 0007 1 5 000.187 00.07 00.05 00.03 00.14 0.01 0.03 5 
0880 0007 1 5 000.138 00.07 00.05 00.03 00.14 0.01 0.03 5 
0882 0016 1 5 000.064 00.03 00.00 00.15 00.19 0.00 0.03 .5 
0883 0016 1 5 000.046 00.03 00.00 00.15 00.19 0.00 0.03 5 
0885 0045 1 5 000.028 00.09 00.04 00.33 00.46 0.01- 0.05 5 
0886 0045 'I 5 000.036 00.09 ' 00.04 00.33 00.46 0.01- 0.05 5 
0888 0074 1 5 000.014 00.05 00.03 00.22 00.30 0.00 0.04 5 
0889 0074 1 5 000.012 00.05 00.03 00.22 00.30 0.00 0.04 5 
0891 0000 2 5 000.108 5 
0892 0000 2 5 0'00.145 5 
0894 0000 2 5 000.082 5 
0895 0000 2 5 000.063 5 
0897 0000 2 5 000.030 5 
0898 0000 2 5 000.029 5 
0900 0000 2 5 000.067 5 
0901 0000 2 5 000.043 5 
0903 12 0639N 15952W 0000 1 5 000.055 00.04 00.01 00.25 00.30 0.02- 0.05 5 
090i~ 0000 1 5 000.062 00.04 00.01 00.25 00.30 0.02- 0.05 5 
0906 0005 1 5 000.081 00.00 00.01- 00.07 00.07 0.01- 0.03 5 
0907 0005 1* 5 020.564 00.00 00.01- 00.07 00.07 0.01- 0.03 5 
0909 0019 1* 5 036.490- 00.07 00.00 ,00.49 00.56 0.01- 0.06 5 
0910 0019 1* 5 036.501- 00.07 00.00 00049 00.56 0.01- 0.06 5 
0912 0038 1 5 000.004 00.05 00.01- 00.21 00.25 0.00 0.03 5 
0913 0038 1 5 000.026 00.05 00.01- 00.21 00.25 0.00 0.03 5 
0915 0063 1 5 000.077 00.21 00.11 00.59 00.91 0.01 0.07 5 
0916 0063 1* 5 000.012- 00.21 00.11 00.59 00.91 0.01 0.07 5 
0918 0009 2 5 000.021 5 
0919 0000 2 5 000.038 5 
0921 0000 2 5 000.015 5 
0922 0000 2 5 000.006 5 
0923 0000 2 5 000.010 5 
0924 0000 2* 5 000.001- 5 
0925 0000 2 5 000.012 5 
0926 0000 2* 5 000.002- 5 
0021 0930 07 08/12161 0919N 16000W 017 0000 1 5 000.122 00.00 00001- 00.01 00.00 0.01 0.00 5 
0931 0000 1 5 000 .121t 00.00 00.01- 00.01 00.00 0.01 0.00 5 
0933 000'5 1 5 000.040 00.04 00.01 00.26 00.31 0.02- 0.05 5 
0934 0005 1 5 000.007 00.04 oo.oi 00.26 00.31 0.02- 0.05 5 H 
0936 0019 1 5 000.023 00.01 00.00 00.06 00.06 0.01- 0.03 5 I 0937 0019 1 5 000.043 00.01 00.00 00.06 00.06 0.01- 0.03 5 5; 
VE CR ST'" HUM H 0 M y LAT LONG MS OPTH 1 2 3 PROD CHL A CHL B eHL C TOTAL :MAS AS LT $ VEeR 
NO 67 0021 0939 07 08/12/61 0919N 16000W 017 0038 1* 5 000.002- 00.04 00·02 00.25 00.31 1:).01- 0.05 N067 5 
0940 0038 1* 5 000.015- 00.04 00.02 00.25 00.31 0.01- 0.05 5 
0942 0063 1 5 000.015 00.02 00.04 00.28 00.34 1:l.01- 0.07 5 
0943 0063 1 5 000.021 00.02 00.04 00.28 00.34 0.01- 0.07 5 
0945 0000 2 5 000.061 5 
0946 0000 2 5 000.018 5 
0948 0000 2 5 000.018 5 
0949 0000 2 5 000.046 5 
0951 0000 2 5 000.010 5 
0952 0000 2* 5 000.009- 5 
0954 0000 2 5 000.018 5 
0955 0000 2 5 000.018 ;; 
0951 12 1016N 15957W 052 0000 1 5 000.033 00.04 00.01 00.11 00.22 (1.02- 0.05 5 
0958 0000 1 5 000.061 00.04 00.01 00.17 00.22 0.02- 0.05 5 
0960 0005 1 5 000.011 00.04 00.02 00.19 00.24 C~.Ol- 0.06 5 
0961 0005 1* 5 000.019- 00.04 00.02 00.19 00.24 0.01- 0.06 5 
0963 0026 1* 5 000.007- 00.02 00'00 00.21 00.28 C~.04- 0.06 5 
0964 0026 1 5 000.002 00.02 00000 00.27 00.28 0.04- 0.06 5 
0961) 0058 1* 5 000.002- 00.05 00·01 00.22 00.28 C~. 00 0.04 5 
0967 0058 1* 5 000.018- 00.05 00.01 00.22 00.28 0.00 0.04 5 
0969 0082 1* 5 000.002- 00.10 00.07 00.48 00.64 01.01- 0.01 5 
0970 0082 1 5 000.009 00.10 00.07 00.48 00.64 0.01- 0.07 5 
097,~ 0000 2 5 000.020 5 
0973 0000 2* 5 000.002- 5 
0975 0000 2* 5 000.003- 5 
0916 0000 2 5 000.012 5 
09T1 0000 2* 5 000.001- 5 
0918 0000 2* 5 000.004- 5 
0979 0000 2 5 000.011 5 
0980 0000 2 5 000.001 5 
0022 0984 07 09/12/61 1303N 15953W 0000 1 5 000.087 5 
0985 0000 1 5 000.107 5 
0981' 0005 1 5 000.054 5 
0988 0005 1 5 000.036 5 
099CI 0026 1 5 000.012 5 
0991 0026 1 5 000.014 5 
0993 0058 1 5 000.024 5 
0994 0058 1* 5 000.015- 5 
0996 0082 1 5 000.008 5 
0997 0082 1 5 000.027 5 
0999 0000 2* 5 000.050- 5 
1000 0000 2* 5 000.043- 5 
1002 0000 2 5 000. 009 5 
1003 0000 2 5 000.040 5 
1005 0000 2 5 000.013 5 
1006 0000 2 5 000.012 5 
1008 0000 2 5 000.073 5 
1009 0000 2 5 000.109 5 
0023 1011 12 1400N 16000W 053 0000 1 5 000.058 00.01 00.02- 00*17 00.16 0 .• 02- 0.03 5 
1012 0000 1 5 000.052 00.01 00.02- 00.17 00.16 0.02- 0.03 5 H 
1017 01 10/12/61 1615N 16016W 0000 1 5 000.004 00.17 00.16 00.74 01.07 0 .• 08- 0.17 5 I -I='" 
1018 0000 1 5 000.008 00.17 00.16 00.74 01.07 0.08- 0.17 5 \0 
VE CR STA /IIUM H 0 M Y LAT LONG MS DPTH 1 2 3 PROD CHL A 
NO 67 0023 1020 07 10/12/61 1615/11 16016W 053 0005 1 5 000.066 00.04 
1021 0005 1 5 000.057 00.04 
1023 0026 1 5 000.040 00.09 
1024 ·0026 1 5 000.051 00.09 
1026 0058 1 5 000.025 00.03 
10H 0058 1 5 000.013 00.03 
1029 0082 1 5 000.008 00.09 
1030 0082 1 5 000.,015 00.09 
0024 1032 12 1700/11 16000W 0000 1 5 000.070 00.02 
1033 0000 1 5 000 .. 051 . 00.02 
1035 13 0003 1 5 000.045 00004 
1036 0003 1 5 000.075 00.04 
1038 0029 1 5 000.005 00.04 
1039 0029 1 5 000.003 00.04 
1041 0046 1 5 000.005 00.11 
104,2 0046 1 5 000.013 00.11 
1044 0088 1 5 000.002 00 .. 04 
1045 0088 1 5 000.000 OJ). 04 
0025 1047 07 11/12/61 1853N 15953W 052 0000 1 5 000.100 00.09 
104·8 0000 1 5 000.145 00.09 
1050 0003 1 5 000.108 00.02 
1051 0003 1 5 000.066 00.02 
1053 0029 1 5 000.051 00.04 
1054 0029 1 5 000.037 00.04 
1056 0046 1* 5 000.007- 00.01 
1057 0046 1* 5 000.011- 00.01 
1059 08 0088 1* 5 000.187- 00.14 
1060 0088 1* 5 000.145- 00.14 
1062 14 2000N 160GQW 089 0000 1* 5 000.037- 00.05 
1063 0000 1* 5 000.055- 00.05 
1065 0007 1 5 000.010 00,,04 
1066 0007 1 5 000.016 00.04 
1068 0026 1* 5 000.046- 00.09 
1069 0026 1* 5 000.036- 00.09 
1071 0048 1 5 000.004 00004 
1072 0048 1 5 000.021 00.04 
1074- 0089 1* 5 000.003- 00.07 
1075 0089 1* 5 000.018- 00.07 
CHL 8 CHL C TOTAL /liAS AS 
00.00 00.05 00.09 0.00 0.04 
00.00 00.05 00.09 0.00 0.04 
00.06 00.32 00.47 0.02- 0.08 
00.06 00.32 00.47 0.02- 0.08 
00.02 00.11 00.15 0.02 0.03 
00.02 00.11 00.15 0.02 0.03 
00.09 00.27 00.45 0.01- 0.06 
00.a9 00.27 00.45 0.01- 0.06 
00.01 00.06- 00.03- 0.02 0.01 
00.01 00.06- 00.03- 0.02 0.01 
00.05 00.04 00.14 0.01- 0.04 
00·05 00.04 00.14 0.01- 0.04 
00.03 00.12- 00.04- 0.02 0.02 
00.03 00.12- 00.04- 0.02 0.02 
00.07 00.53 00.71 0.03- 0.10 
00.07 00.53 00.71 0.03- 0.10 
00.06 00.04 00.14 0.01 0.04 
00.06 00.04 00.14 0.01 0.04 
00.08 00.35 00.52 0.01- 0.07 
00.08 00.35 00.52 0.01- 0.07 
00.01 00.04- 00.00 0.03 0.01 
00.01 00.04- 00.00 0.03 0.01 
00·01 00.10 00.15 0.02 0.01 
00-01 00.10 00.15 0.02 0.01 
00.00 00.22 00.22. 0.02 0.01 
00.00 00.22 00.22 0.02 0.01 
00.10 00.30 00.53 0.00 0.05 
00.10 00.30 00.53 0.00 0.05 
00.04 00.06 00.15 ,0.01- 0.03 
00.04 00.06 00.15 0.01- 0.03 
00.03 00.02 00.09 ID.Ol- 0.02 
00.03 00.02 OOe09 0.01- 0.02 
00.09 00.27 00.45 Ij.07- 0.12 
00.09 00.27 00.45 0.07- 0.12 
00.05 00.12 00.21 j) .. Ol- 0.04 
00.05 00.12 00.21 0.01- 0.04 
00e04 OQ.06 00.17 0.01- 0.04 
00.04 00.00 00.17 0.01- 0.04 












































TABLE V. Zooplankton caught on the "Rehoboth" Cruise of 
November-December 1961, N067. The data are from 150 meter vertical 
hauls with a conical net 45 centimeters in diameter. The mesh size 
was approximately .3 rom. 
8ta. Sample 8ettling Displacement Wet 
No. Latitude Longitude time vol. in m1 vol. in ml \oTeight 
in rug 
1 19°58.8'N 179°58.9 'vl 06:45 1.6 0.2 249 
2 19°56' N 179°59' W 11:45 1.8 0.3 181 
3 16°54.2'H 179002.3'E 06:15 3.4 0.3 360 
4 16°5L:, ' N 179°02.5'E 11:45 3.5 0.5 387 
5 14°12' N 179°51' W 06:05 4.5 0.5 470 
6 11~017 ' N 179°52' E 11:45 3.6 0.5 570 
7 11°02' 1'1 179°58' VI 06: 1.j.0 3·0 0.5 336 
8 11°02' N 179°58' W 11:05 3.5 0.5 429 
9 08°15' N 179°50' W 05:45 1.7 0.4 203 
10 08015.6'N 179°50.8'vl 11:15 2.2 0.5 432 
11 0501!~.5'N 179°56.8'vl 07:00 5.0 0.5 690 
12 0501L~.5'N 179°56.8'W 10:55 4.2 0.8 ~·97 
13 01°57.8'N 179°45.7'E 06:05 13.7 2.1~ 2500 
14 01°57.8'N 179°45.7'E 12:00 10.0 2.2 2074 
15 00°56.5'8 179057.6'w 07:45 33.0 5.1 4825 
16 00°56.5'8 179°57.6 'vl 11:30 25.0 6.2 6460 
17 04°00' s 179°59' W 07:20 7.0 1.1 1003 
18 04°00' 8 179°59' vi 11:45 11.8 1.9 2086 
19 05°55.5'8 179°54.6 'vi 06:00 3.~· 0.5 389 
20 07°03' 8 179°59.5 'tv 11:45 6.3 0.9 890 
21 09°59' 8 179°57.5 'vl 06:10 5.5 0.6 546 
22 11°21' 8 180°00' VI 11:30 3.8 0.4 358 
23 12°59' 8 173°20' vi 11:10 2·9 0.4 ,329 
24 10°05' 8 160006' H' 06:30 7.5 1.4 1339 
25 09°15' 8 160°05' 1-1 11:45 5.3 1.0 888 
26 07°00' S 160°00' W 06:30 9.6 1.8 1793 
27 06°21' 8 160°09' W 11:30 6.2 0.9 887 
28 04°00' 8 160°00' vi 06:25 7.0 1.5 131~8 
29 '03°33.3 '8 160018.8'}1 12:15 10.8 2.4 2388 
30 01°00' 8 160°00' vi 06:20 16.5 4.2 3615 
31 00°07' 8 160°05' liT 12:20 18.2 h.6 4620 
32 02°00' 1'1 160°00' vi 05:45 9.0 1.8 1787 
33 03°16.8'1'1 160°17' W 12:15 7.6 1.0 539 
34 05°33' N 159°!~61 vI 07:15 19.4 3.0 3094 
35 06°39' N 159°52' U 12:20 6.4 1.2 1383 
36 09019.2'N 160°00' W 07:15 3.7 0.6 614 
3'7 10°16' 1'1 159°57' vi 12:30 6.10 0·9 871~ 
38 13°03' N 159°53' 14 07:10 7·5 1.3 1135 
39 16°15.2'N 160016' W 07: 30 4.8 1.0 586 
40 1""{000 ' N 160°00' VI 13:00 '7·1 1.7 1954 
41 18°53' N 159°53' lv 07:25 5.2 0.8 733 
1~2 20°00' N 160°00' 1'1 13:15 ~·.O 0.6 543 
I-52 
TABLE VI. Hydrographic data from the Rehoboth cruise (N067). 
Station:y' Depth(m) Sa1inity(%o) °2(ml/1) Temp.(OC) P04 -PCugA/1) 
0001 0000 34.84 4.32 27.02 0.20 
0010 34.85 4.40 27.10 0.16 
0020 34.86 4.31 27.01 0.25 
0030 34.85 !~.40 27.02 0.19 
0049 3h.85 4.45 26.99 ,... l.,-v.'+::> 
0074 34.86 4.33 27.02 0.35 
0099 35.17 4.08 25.86 0.16 
0148 35.17 4.10 22.01 0.35 
0197 34.94 3.93 19.16 0.44 
0002 0000 34.78 4.32 27.10 0.36 
0009 34.77 4.!~6 27.11 0.38 
0018 34.78 4.30 27.10 0.37 
0027 34.79 4.35 27.10 0.42 
0046 34.78 1~.38 27·10 0.28 
0069 34.80 4.32 27.08 0·35 
0092 34.87 3.91 26.69 0·30 
0139 35·19 1·[·.24 23.31 0.35 
0186 35.10 4.13 20.26 0.41 
0003 0000 34.71 4.34 27.53 0.55 
0009 34.7 l. 4.31 27·57 0.40 
0019 34.71 ~·.02 27.54 0.65 
0028 34.72 4.34 27.52 0.62 
004"( 34.71 4.32 27.53 0·53 
0071 34.72 4.33 27.52 0.48 
009~· 34.74 4.49 26.60 0.35 
0141 34.81 4.10 22.52 0.72 
0188 34.71 3.83 17.56 1.11 
0004 0000 ' 34.73 3·92 27.43 0.38 
0009 34.72 4.30 27.50 0.34 
0018 31~. 73 3·10 27.41 0.30 
0027 3~·. 72 3.05 27.41 0·33 
0044 34.74 3·17 27.40 0.45 
0066 34.73 3.65 27.36 0.6!} 
0088 34.74 4.58 26.16 0.46 
0132 34.90 3·90 21.48 0.56 
0176 34.40 2.89 13.53 1.64 
I-53 
Stat~ord/ Depth(m) Salini ty( 0/00) °2(ml/l) Temp. (Oc) P04-P(ugA/l) 
0005 0000 33.70 4.21 28.57 0.38 
0010 33.69 4.26 28.64 0.36 
0020 33.70 4.19 28.59 0.48 
0030 33.72 4.25 28.62 0.46 
0050 33.78 4.31 28.67 0.49 
0075 33.86 L~.32 28.72 0.43 
0100 3?r.67 4.32 27.01 0.56 
0149 34.52 3.46 16.44 1.33 
0199 34.57 0.57 11.18 2.95 
0006 0000 34.38 h.21· 28.90 0.42 
0009 34.38 4.23 28.92 0.43 
0018 34.38 4.15 28.88 0.34 
0027 34.37 4.21 28.88 0.46 
0046 34.39 4.21 28.91 0.44 
0069 34.65 4.22 28.73 0.48 
0092 34.96 4.08 28.26 0·55 
0111.0 34.98 3.41 26.17 0.82 
0188 34.79 3.05 18.52 0.65 
0007 0000 35.09 4.40 27 .9~- 0·53 
0005 35.09 4.37 28.00 0.55 
0011 35.09 4.34 27.96 0.50 
0016 35.12 4.34 27.94 0.58 
0025 35·11 4038 27.94 0.55 
OO!I-l 35.16 4.28 27.74 0.63 
0055 35.18 4.15 27.46 0·95 
008l~ 35.22 4.32 27.h2 0.70 
0116 35.14 3.72 26.77 0.83 
0149 34.87 3.26 22.74 0.93 
018!1- 34.70 2·90 16.02 1.45 
0196 34.83 2.84 11.88 1.88 
0008 0000 35.31 4.24 27.91 0.65 
0007 35.30 4.27 27.85 0.71 
0013 35.31 !~. 2~- 27.73 0.95 
0019 35.31 l~.27 27.72 0.70 
0032 35.31 4.29 27.72 0.64 
00~8 35.31 ~-.16 27.66 0.60 
0063 35.32 1l-.04 27.64 0.73 
0095 35.32 4.09 27 .60 0.78 
0128 35.39 3.87 27.48 0.83 
0161 35.90 2.80 23.88 1.14 
0195 35.31 2.96 17.88 1.33 
I-54 
Station!! Depth(m) Salinity(%o) °2(ml/l) Temp. (OC) P04-p(pgA/l) 
0009 0000 35.50 4.05 29·17 0.59 
0010 35.52 4.22 29·17 0.54 
0020 35.50 3.71 29·10 0.57 
0030 35.50 2.57 29.12 0.59 
0050 35 .l~9 4.27 29·10 0.56 
0075 35.54 3·31 28.84 0.65 
0100 35·50 3.16 28.!~5 0.77 
0150 35.95 3.40 26.55 0.96 
0200 35.82 2.73 20.34 1.20 
0010 0000 35.11 4.31 29.26 0.49 
0010 35.08 4.30 29.27 0.48 
0020 35.12 4.20 29.25 0.40 
0030 35.29 4.34 29.26 0.53 
0050 35.34 4.45 29.24 0.52 
0075 35.47 4.36 29.05 0.57 
0100 35.48 4.15 28.56 0.70 
0150 36.00 3.22 25.58 1.10 
0200 35.83 3.17 20.90 1.17 
0011 0000 34.73 29.02 0.48 
0010 34.77 3.51 29.03 0·51 
0020 34.80 4.23 28.92 0.45 
0030 34.72 4.47 28.90 0.50 
0050 3!~.82 4.27 28.88 0.52 
0075 35·31 ~-.20 28.52 0.54 
0100 35)}8 3·92 27.92 0.65 
0150 36.02 3.22 24.43 0.99 
0200 35.82 3.34 20.96 1.44 
0012 0000 3l.r·.78 4.27 28.2~- 0.48 
0010 34.87 4.25 28.16 0.45 
0020 35.02 4.20 28.20 0.47 
0030 35.04 4.25 28.19 0.44 
0050 35·05 4.43 27.90 0.73 
0074 35.27 l.r·.28 27.57 0·53 
0099 35.54 1.65 26.76 0·50 
0111-9 35·93 3.67 25.19 0.71 
0198 35.95 3.35 21.86 0.98 
0014 0000 35.39 4.19 28.28 0.50 
0010 35.38 4.18 28.27 0.51 
0019 35. l }0 lJ..16 28.26 0.43 
0029 35.4-2 4.21 28.26 0.47 
0048 35.50 4.21 28.22 0.48 
0072 35.63 4.27 27.96 0.!~9 
0096 35.85 4.18 27.11 0.50 
015!~ 36.31} 3.75 25.67 0.62 
0192 36.24 3.48 23.13 0.87 
I-55 
StationY Depth(m) Sa1inity(%o) °2(1l1~/1) Temp. (oC) P04-P()lgA/l) 
0015 0000 35.51 4.28 28.38 0.55 
0009 35.52 4.21 28.40 0.56 
0018 35.52 4.20 28.40 0.62 
0026 35.52 4.29 28.40 0.54 
0044 35.53 4.30 28.44 0.48 
0066 35.55 4.32 28.38 0.50 
0088 35.94 4.29 28.16 0.53 
0133 36.30 4.00 26.28 0.64 
0177 36.29 3.69 23.80 0.86 
0016 0000 35.67 4.28 28.08 0.72 
0009 35.67 4.25 28.09 O. 7!~ 
0017 35.68 4.31 28.06 0.67 
0026 35.68 4.28 28.06 0.96 
0044 35.69 1:·.32 28.10 0.73 
0066 35.69 1!·.30 28.07 0.75 
0088 35.70 4.27 28.10 0.70 
0132 35.96 3.97 27.34 1.31 
0178 36.21 3.57 23.93 0·99 
0017 0000 35.66 4.28 27.36 0.78 
0006 35.67 4.26 27.38 0.81 
0012 35.66 lJ..26 27.3lJ. 0.76 
0019 35.65 4.26 27 .3~· 0.78 
0031 35.611- 11·.33 27.32 0.84 
00lJ.6 35.60 1~. 35 27.06 0.87 
0061 35.59 1~. 35 27.02 0.89 
0092 35.58 4.33 26.90 0·93 
0123 35·55 1~.11 26.14 1.01 
0153 35.81 3.69 24.76 1.05 
0185 35.59 4.35 0.85 
0018 0000 35.24 4.30 26.18 0.91 
0013 35.25 ~-.30 26.21 0.90 
0031 35.25 ~-.22 26.16 0.85 
oolq 35·27 4.31 26.20 0.89 
0062 35.27 lj-. 21~ 26.20 0.87 
0093 35.32 4.24 26.26 0.92 
0123 35.53 3.9'"( 25.90 1.03 
0153 35.82 3.15 22.08 1.35 
0183 35.26 2.76 16.04 1.66 
0019 0000 34.99 ~·.3'T 27.20 0.70 
000'( 34.99 4.1~9 27.23 0.75 
0015 34.99 ~·.39 27.16 0.71 
002> 35.01 4.Ft:. 26.62 0.84 
0039 35.01 3.82 26.~·1 0.87 
0066 31: .• 98 3.60 25.78 0·97 
0080 34.96 3.Sh 25.65 0.96 
0136 3L:·.82 2. 51~ 19.2LI. 1.54 
0168 31~.68 2·33 13.75 2.07 
I-56 
StationU Depth(m) Salinity(O!oo) °2(ml!1) Temp. (Oe) P04-p(ugA/l) 
0020 0000 34.98 4.35 27.04 0.70 
0009 34.98 1~.30 27.05 0.72 
0018 34.98 ~-.30 27.04 0.73 
0027 34.98 4.31 27.03 0.64 
0045 31.}.98 4.31 26.96 0.71 
0067 35.00 4.25 26.91 0.76 
0090 35.06 4.26 26.24 0·93 
0135 35·12 4.17 26.02 0.91 
0180 35.02 3.87 24.87 loll 
0021 0000 33.88 4.22 28.05 0.58 
0010 33.93 4.34 28.12 0.53 
0020 34.00 4.28 28.11 0.48 
0030 34.03 1~.26 28.14 0.54 
0050 3h.38 4.28 28.21 0.51 
0075 34.62 4.27 27.32 0.56 
0100 34.69 3.83 24.19 0.71 
0150 34.53 2.74 16.30 1.72 
0200 3!~. 59 1.2h 10.79 2.71 
0022 0000 34.18 4.33 27.20 0.62 
0009 34.17 4.33 27.20 0.53 
0018 34.17 4.27 27.22 0.57 
0027 31~.19 4.36 27.12 0.54 
0046 34.33 4.36 27 .1~- 0.50 
0069 31~.60 4.71 23.64- 0.56 
0092 34.64 3.80 19.62 0.98 
0138 34.67 2·71 12. 31~ 0.90 
0184- 31~. 70 3.19 11.33 0.34 
0023 0000 33.96 4.49 26.11 0.56 
0006 33.97 4.52 26.11 0·57 
0012 33.96 4.57 26.05 0.54 
0018 33.96 4.44 25.96 0.56 
0028 34.08 4.48 25.96 0.59 
001~3 34.40 4.48 26.02 0.62 
0058 34.80 4.88 23.62 0.53 
0087 31~.99 h.57 21.92 0·59 
0118 34.96 h.18 19.67 0.79 
0148 34.81 4.17 17.65 0.77 
0180 34.31 3.7~- 13·29 1.39 
0024 0000 34.71 ~-.60 25.36 0.50 
0013 34.71 4.56 25.39 0.51 
0020 34.70 4.50 25.39 o.l~l 
0033 34.70 4.55 25.37 0.55 
0066 34.84 4.54- 25.44 0.53 
0134 34.81 4.51 23.68 0.62 
0169 35.00 4.35 21.94 0.63 
0204 35.02 4.10 19.81 0.75 
I-57 
Station:!! Depth(m) Salinity(%o) °2(ml/l) Temp. (Oe) P04-P( ugA/l) 
0025 0000 34.88 4.54 25.32 0.50 
0010 34.88 4.55 25.33 0.48 
0020 34.89 lj·.44 25.33 0.49 
0029 34.89 4.57 25.32 0.53 
0048 34.89 4.55 25.30 0.56 
0072 34.91 4.57 25·30 0.51 
0096 34.90 4.52 25.32 0.53 
0144 34.97 4.25 21.66 0.67 
0192 34.91 4.03 18.90 0.83 
~/ Station positions are shown in Table II. 
I-58 
TABLE VII. Nitrate analyses from the Rehoboth cruise (N067). 
Station Date Depth Latitude Longitude N03-N(J.lA/l) 









































Station Date Depth Latitude Longitude N03-N().l.A/l) 














































Station Date Depth Latitude Longitude N03-N(,uA/1) 
0017 12/4/61 0000 03°33'S 1600 19'vl 0.15 
0007 3.56 
0029 1.55 
0052 3. ~-4 
0081 2.79 
0018 12/5/61 0000 01000'S 1600oo'w 4.98 
0007 4.10 
0029 2.81 
0052 ~ /~ j.o~ 
0081 4.26 




































Station Date Depth Latitude Longitude N03-N()lA/l) 





0023 12/9/61 0000 14°00 'N 160°00'''' O.ll~ 






















Description and Analysis of Miscellaneous 
Technique Evaluation Experiments 
by Jan Newhouse 
As completed in the Botany Department 
of the University of Hawaii 
Work done under contract AT-(04-3)-15 with the U. S. Atomic Energy Commission 
II-I 
Introduction 
This section consists of tifO pal-ts, the first a presentation of 
results from experimental ifod~ performed under this contract and her-eto 
unreported. The second part is a discussion of our analyse,s of these 
data, vlhich emphasizes both conclusions and the need for further ifork 
along certain of the same lines. A number of these experiments vThich 
were desiGned to test a particular hYJ?othesis have contributed informa-
tion to, and opened up other areas of interest. For this reason, brief 
descriptions and the results of the experiments follot." as Part A, and 
then, in Part B, there are analyses of the data which draw variously 
upon the eXl)eriments. 
II-2 
EXPERIMENT 1 
(Notebook 63: 25-28. June 27-28, 1962) 
Procedure: The methods of handling and techniques used in this 
experiment are common to those which follow unless otherwise noted. In 
general the r.1et;K)'~., except as mentioned., is that described as II standard" 
for the Hm-Taii Method. The till1e incubation was begun is referred to as 
"time in" and the time incubation was terminated is referred to as "time 
out. ff 
Immediately prior to incubation> surface phytop1anltton samples 
iV"ere talten With a newly cleaned plastic bucket from the water adjacent 
to the diving platforms in the Waikiki Natatorium, Honolulu, Hawaii. 
These samples were carried in the plastiC bucket to the bench laboratory 
near the natatorium, poured into a five-gallon Pyrex glass carboy and 
then air was bubbled through them with an air hose and stone. Subsamples 
were siphoned into 250 m1 bottles while the water in the carboy was 
further agitated manually. The inoculations with stock no. 8 carbon-14 
(activity, 5. 15 x 106 counts/min.) were all made by one person. 
At 06:00 on June 27th, three sets of bottles, two light and one 
dark per set, were put into an unpainted galvanized iron sunlight incu-
bator which was placed on the roof of the laboratory and fitted with a 
cooling system of running water. One set of these bottles was removed 
and filtered (Selman membrane filters AM-5) at 12:00; another at 18:00 
of the same day and the last at 06:00 on June 28th. 
At 12:00 of the 27th, two similar sets were prepared and treated 
in the same way with removal respectively, at 18: 00 on the 27th and 
12:00 on the 28th. 
-
TABLE I. Mean of two light bottles and, in parenthesis, 
dark bottles in counts per minute per hour of incubation. Unpainted 
galvanized iron sunlight incubator. June 27-28, 1962. NB63: 28. 
Incubation Counts /min. /hr. period 
06:00-12:00 451 (17) 
06:00-18:00 737 (21) 
06:00-06:00 358 (17) 
12:00-18:00 1298 (20) 
12:00-12:00 651 (16) 
II-3 
EXP ERUJENT 2 
(Notebook 68: 11-73. July 1~·-31 1962.) 
Procedure: As for Experiment 1. The dark bottle data given in 
Table III are for both this and Experiment 3 for the dates ShO'ffi. 
TABLE II. Mean of two light bottles in counts per minute per hour of incubation. 
Unpainted galvanized iron sunlight incubator. July 14-31, 1962. NB68: 74-75. 
Incubation Counts per minute per hour of incubation started on July: 
period 14th 15th 16th 17th 18th 19th 20th 21st; 22nd 23rd 24th 25th 26th 27th 28th 
06:00-12:00 325 371 231 267 282 172 201 139 210 357 378 194 185 210 330 
06:00-18:00 474 569 434 525 381 278 272 351 427 620 601 1~68 271 1~34 482 
06:00-06:001 213 229 11~1 94 157 103 143 145 193 262 238 216 132 140 165 
12:00-18:001 721 920 459 865 81~- 356 442 547 717 1093 779 938 810 650 696 
























TABLE III. Dark bottle counts per minute per hour of incubation. 
July 14-31, 1962. NB68: 71. 
Incubation Counts per minute per hour of incubation starteo. on July: 
period 14th 15th 16th 17th 18th 19th 20th 21st 22nd 23rd 24th 25th 26th 27th 28th 
06:00-12:00 11 12 16 16 14 13 14 28 12 25 16 14 15 28 16 
06: 00-18: 00 I 14 14 12 8 17 12 12 16 8 II!· 11 9 19 14 9 
06: 00-06: 00 I 9 8 9 9 8 7 11 6 10 8 6 7 10 8 8 
12: 00-18: 00 I 16 11 17 28 20 15 11 13 18 22 17 16 19 23 21 



















(notebook 68: 24-73. July 20-31, 1962.) 
Procedure: A.s for Experiment 1 except that .. for this series the 
samples were incubated in a galvanized iron sunlight incubator which was 
painted blaclt on the inside surfaces. Sample aliquots "\-lere drawn from the 
same carboy as that used for Experiment 2 which '<laS :run concul~rently. For 








TABLE IV. Mean of two light bottles in counts per minute per hOUT of incubation. 
Black painted galvanized iron sunlight incubator. JUly 20-31, 1962. NB68: 14-75. 
Counts per minute per hour of incubation started on July: 
20th 21st 22nd 23rd 24th 25th 26th 27th 28th 29th 30th 
163 159 290 428 449 3L~5 235 309 375 250 188 
213 269 320 659 636 557 213 503 ~.27 35Ll- 346 
107 150 171 271 303 277 134 173 232 142 146 
410 531 1020 119L~ 1354 1054 771 114 66l!- 643 539 













(Notebook 68: 76-103, Notebook 70: 2-35. August l5-22} 1962.) 
Procedure: As for Experiment 1, with the following modifications. 
a. Use of a black painted galvanized iron sunlight incubator. 
b. In addition to incubation at full light intensity aliquot 
samples were covered with neutral density filters which 
permitted light penetration of approximately 64%, 30%, 
16%, and 1%. 
c. Dark bottles "Tere held in a bucket of water in the 
laboratory . 
II-I0 
TABLE V. Mean of two light bottles in counts per minute per hour 
of incubation. Black painted galvanized iron sunlight incubator. 
August 15-22, 1962. ~rn70: 37-39. 
Filter Incubation Counts per minute per hour of incubation 
type period started in August: 
15th 16th 17th 18th 19th 20th 21st 
Without 06:00-12:00 298 321 300 254 223 101 119 
neutral 
density 06:00-06:00 ,...\.1'" 1"'\ ...... 1. 203 234- 117 110 91 1 C'+O c::v'+ filters 
\1428 12:00-18:00 1477 2185 1349 983 630 415 
12:00-12:00 772 664 795 556 677 332 324 
6!~% 06:00-12:00 285 360 337 !~14 225 1~-5 124 
neutral 
density 06:00-06:00 25!1. 198 217 261 94 96 86 
filters 
12:00-18:00 1966 1559 2581 1381 1323 701) 556 
12:00-12:00 697 649 7611- 567 550 337 341 
3(j~ 06:00-12:00 316 269 284 226 155 112 101 
neutral 
density 06:00-06:00 172 131 142 12!~ 92 63 57 
filters 
12:00-18:00 1177 1073 2283 1018 669 445 456 
12:00-12:00 502 519 663 i~11 424· 249 261 
16% 06:00-12:00 165 133 11!1- 130 109 55 34 
neutral 
density 06:00-06:00 78 70 60 75 51 32 28 
filters 
12:00-18:00 278 446 741 1.~51 261.1 211 199 
12:00-12:00 198 1'78 322 142 181 110 106 
1% 06:00-12:00 39 41 43 45 29 28 15 
neutral 
density 06:00-06:00 24 19 16 16 15 13 9 
filters 
12:00-18:00 65 58 250 47 43 53 35 
12:00-12:00 39 42 67 30 29 24 19 
I1-l1 
TJillLE VI. Dark bottle counts per minute per hour of incutation. 
August 15-22, 1962. NB70: 37-39. 
Incubation Counts per minute per hour of incubation 
period started in August: 
15th 16th 17th 18th 19th 20th 21st 
06:00-12:00 11 11 14 12 12 11 8 
06:00-06:00 7 6 ~- 6 6 5 5 
12:00-18:00 19 12 2~- 17 16 12 12 
12:00-12:00 6 9 7 6 8 5 8 
EXPERTI4ENT 5 
(Notebook 70: 2-35. August 17 -22 ~ 1962.) 
Procedure: As for Experiment 1; with the following modifications. 
a. Use of a 1958-type fluorescent light incubator which was 
turned off from sunset to sunrise each night. 
b. In addition to incubation at full light intensity aliquot 
samples were covered with neutral density filters which 
permitted light penetration of approximately 6!~%, 30'/0, 16% 
and 1'/0. 
This experiment was done with aliquots of the same phytoplankton 
samples usecJ. for Experiment 4 which was run concurrently. Dark bottle 
data, Table VI, are comrllon to both experiments. 
TABLE VII. Hean of tvlO light bottles in counts per minute 
per hour of incubation. 1958-type fluorescent light incubator-. 
August 17-22, 1962. ~m70: 37-39. 
II-13 
Filter Incubation Counts per minute per hour of incubation 
type period started in August: 
17th 18th 19th 20th 21st 
\-athout 06:00-12:00 351 487 333 229 155 
neutral 
density 06:00-06:00 232 373 206 111-2 139 
filters 
12:00-18:00 4692 1709 1217 10~.s 7111-
12:00-12:00 1107 695 61t~ 626 386 
6~-% 06:00-12:00 293 336 228 177 lOLl-
neutral 
density 06:00-06:00 173 250 156 126 107 
filters 
12:00-18:00 3172 981 1060 639 528 
12:00-12:00 818 628 539 418 265 
30% 06:00-12:00 83 14·0 85 85 47 
neutral 
density 06:00-06:00 70 80 55 43 36 
filters 
12:00-18:00 726 232 3J.~0 190 203 
12:00-12:00 277 204 110 153 78 
16% 06:00-12:00 42 60 L~6 34 19 
neutral 
density 06:00-06:00 31 26 20 17 15 
filters 
12:00-18:00 203 68 89 J.~7 59 
12:00-12:00 74- 58 36 36 20 
1% 06:00-12:00 17 19 18 19 12 
neutral 
density 06:00-06:00 10 8 10 7 6 
filters 
12:00-18:00 51 20 30 18 r( 
12:00-12:00 10 15 9 11 6 
II-14 
EXPERIMENT 6 
(Notebook 63: 70-89. September 12-13, 1962.) 
Procedure: As for Experiment I} with aliCluot phytoplankton samples 
incubated in both a blacl-c painted galvanized iron sunlight incubator and 
a 1958-type fluorescent light incubator. Lights in the fluorescent 
incubator were turned off beti-leen 18: 00 and 06: 00. 
Inoculations were made with stock no. 9 carbon-14 (activity, 7.26 
x 106 counts/min.). 
TABLE VIII. Mean of two light bottles in counts pel~ 






















(Notebook 63: 70-89. September 12-13, 1962.) 
Procedure: As for Experiment 1, with aliquot phytoplankton 
samples incubated in both blaele painted galvanized iron sunlight 
incubators and 1958-type fluorescent light incubators. The fluorescent 
lights were ~ turned off at night, ,1.;:.., they were on throughout the 
entire experimental period. 
InocUlations were made with stoele no. 9 carbon-14 (activity, 
7.26 x 106 Cow1ts/min.). 
TABLE IX. N:ean of two light bottles in counts per minute 





































































































TABLE X. Dark bottle counts per minute per hour of incubation. 
September 12-13. 1963. NB63: 99. 
Incubation Counts er minute er hour of incubation 
period Sunlight incubator Fluorescent incubator 
06:00-08:00 11 15 
07:00-09:00 11 14 
08:00-10:00 13 12 
09:00-11:00 15 9 
10:00-12:00 13 13 
11:00-13:00 3 12 
12:00-14:00 10 11 
13:00-15:00 5 13 
14:00-16:00 15 16 
15:00-17:00 57 58 
16:00-18:00 30 19 
17:00-19:00 19 38 
18:00-20:00 21 22 
19:00-21:00 18 18 
20:00-22:00 16 20 
21:00-23:00 18 18 
22: 00-2!~: 00 14 14 
23:00-01:00 16 22 
24:00-02:00 16 18 
01:00-03:00 14 14 
02:00-04:00 21 14 
03:00-05:00 17 19 
04:00-06:00 22 15 
05:00-07:00 14 16 
06:00-08:00 14 16 
07:00-09:00 13 17 
08:00-10:00 15 13 
09:00-11:00 19 
10:00-12:00 32 13 
11:00-13:00 41 18 
12:00-14:00 19 18 
II-19 
EXPERIMENT 8 
(Notebook 70: 41-63. November 10-12, 1962.) 
Procedure: As for Experiment 1, with aliquot phytoplankton samples 
incubated in both unpainted galvanized iron sunlight incubators and 1958-' 
type fluorescent light incubators. The fluorescent lights "lere not 
turned off at night for samples being incubated 2 hours, 1.~., they 
were on throughout the entire experimental period. The lights of the 
incubators which held the bottles being incubated for 24 hours were 
turned off between 18:00 and 06:00 each day. 
Dark bottles were held in a bucket of water in the laboratory 
for their respective periods of incubation. 
Carbon-14, stock no. 8 was used for inoculation of the 06:00 and 
08:00 samples on the first day, and stock no. 9 (activity, 7.26 x 106 
counts/min.) was used for all other samples but all d.ata presented 
here have been corrected to stock no. 9 activity. The galvanized iron 
sunlight incubators were covered each day from 08:00-16:00 With a layer 
of black nylon net which permitted penetration of 64% of the incident 
sunlight. 
TABLE XI. Mean of two light bottles in counts per minute 
per hour of incubation. November 10-12, 1962. NB70: 62-63. 
Incubation Counts per minute per hour of incubation 
period Sunlight incubator Fluorescent incubator 
06:00-08:00 195 391 
08:00-10:00 469 696 
10:00-12:00 1649 2211 
12:00-14:00 1342 1456 
14:00-16:00 1750 2454 
16:00-18:00 969 2102 






06:00-08:00 164 463 
08:00-10:00 566 795 
10:00-12:00 1133 1371 
12:00-14:00 1009 1211 
14:00-16:00 999 2023 
16:00-18:00 654 2088 
18:00-20:00 100 422 
20:00-22:00 540 
22:00-24:00 522 
2!~: 00-02: 00 342 
02:00-04:00 318 
04:00-06:00 273 
06:00-08:00 218 506 
08:00-10:00 589 1025 
10:00-12:00 1274 1566 
12:00-14:00 1551 1942 
14:00-16:00 1538 2614 
16:00-18:00 846 2601 
II-20 
I1-21 
TABI,E XII. Dark bottle counts per minute 































































T.~E XIII. Mean of two light bottles in counts per 
minute per hour of incubation. November 10-12, 1962. NB70: 62-63. 
Incubation Counts per minute per hour of incubation 
period Sunlight incubator Fluorescent incubator 
06:00-06:00 251 295 
08:00-08:00 278 460 
10:00-10:00 536 953 
12:00-12:00 499 837 
1!~: 00-14: 00 681 940 
16:00-16:00 777 1032 
18:00-18:00 501 902 
20:00-20:00 J+l2 886 
22:00-22:00 321 599 
24:00-24:00 321 684 
02:00-02:00 302 587 
04:00-04:00 224 385 
06:00-06:00 205 360 
08:00-08:00 310 468 
10:00-10:00 487 786 
12:00-12:00 460 729 
14: 00-1!~: 00 652 991 
16:00-16:00 920 1200 
18:00-18:00 716 981 
TABLE XIV. Dark bottle counts per minute per 
hour of incubation. November 10-12, 1962. NB70: 64. 
1I-23 
Incubation 








































(NB70: 80-117. December 21-24, 1962.) 
Procedure: As for Experiment 1, with the following modifications. 
a. Inoculations 'tV'ere made with stock no. 9 carbon-14 
(activity, 7.26 x 106 counts/min.). 
b. Samples taken every two hours and incubated for two 
hours in both the unpainted galvanized sunlight 
incubators (AI) and the 1958-type fluorescent light 
incubators (A2). Table XV. 
c. Samples taJ.ten every two hours and incubated for 24 
hours in the unpainted galvanized sunlight incubators 
(B). Table XVI. 
d. Samples taken every two hours and held in unpainted 
galvanized sunlight incubators until the first follow-
ing 14:00, at which time they were inoculated and 
immediately incubated for two hours in the same 
incubators (C). Table XVII. 
e. Samples (approximately 150 liters) taken at about 13:00-
14:00 and held in an exposed 2' x 2' x 5' white fiber 
glass tub on the laboratory roof. Aliquots were 
withdrawn from this tub every two hours, inoculated, 
and immediately incubated for tvo hours in the unpainted 
galvanized sunlight incubators (D). Table XVIII. 
f. Dark bottles vrere held in a bucket of water in the 
laboratory for their respective periods of incubation. 
Table XIX. 
g. Samples taJ.ten every two hours for determination of dry 
weight (E) and pigment content (F). Table XX. 
II-25 
TABLE XV. Mean of tvTO light bottles in counts per 
minute per hour of incubation. December 22-24, 1962. NB71: 5. 
Incubation Counts er minute per hour of incubation 
period Sunlight incubator Al Fluorescent incubator (A2 
06:00-08:00 190 222 
08:00-10:00 286 657 
10:00-12:00 205 1079 
12:00-14:00 51~2 1085 
i~:00-16:oo 650 1200 
16:00-18:00 648 985 
18:00-20:00 28 520 
20:00-22;00 49 309 
22:00-24:00 37 298 
24:00-02:00 28 251 
02:00-04:00 35 302 
04:00-06:00 21 363 
06:00-08:00 158 440 
08:00-10:00 517 704 
10:00-12:00 242 961 
12:00-14:00 458 930 
14:00-16:00 450 1298 
16:00-18:00 819 1698 
18:00-20:00 29 622 
20:00-22:00 33 231 
22:00-24:00 29 215 
24:00-02:00 26 251 
02:00-04:00 29 277 
04:00-06:00 37 328 
06:00-08:00 108 h37 
08:00-10:00 483 604 
10:00-12:00 659 :n45 
12:00-14:00 453 1385 
14:00-16:00 533 2400 
16:00-18:00 1104 1690 
TABLE XVI. Mean of two light bottles in counts per 
minute per hour of incubation. Unpainted galvanized iron 
sunlight incubator. December 22-24, 1962. NB71: 5. 
II-26 





















TABLE XVII. Mean of t1vO light bottles in counts per 
minute per hour of incubation. Unpainted galvanized iron 
sunlight incubator. December 22-24, 1962. NB71: 5. 
II-27 
Sample time Incubation period Counts per minute per hour 
and date of incubation (C) 
06:00 12/22 14:00-16:00 12/22 761 
08:00 II 613 
10:00 It 777 
12:00 If 676 
14:00 II 
16:00 14:00:':'16:00 12/23 917 
18:00 II ~·78 
20:00 II 1025 
22:00 II 1030 
24:00 II 623 
02:00 12/23 II 509 
04:00 II 450 
06:00 II 469 
08:00 " 548 
10:00 II 323 
12:00 It 436 
14:00 II 
16:00 14:00-16:00 12/2~. 1372 
18:00 II 1018 
20:00 II 573 
22:00 II 743 
24:00 II 450 
02:00 12/24 11 605 
04:00 " 518 
06:00 II 564 
08:00 II 520 
10:00 II 490 
12:00 " 234 
II·-28 
TABLE XVIII. Me{l.n of two light bottles in counts per minute per hem."!:' 
of incubation. Unpainted galvanized incubator. December 21-24, 1ge~. 
NB71: 5. 
Sample time Incubation Counts per minute per hour 
and date period of incubation (D) 
14:00 12/21 06:00-08:00 12/22 327 
II 08:00-10:00 491 
II 10:00-12:00 339 
II 12:00-14:00 693 
\I 14:00-16:00 822 
13:00-13:40 12/22 16:00-18:00 1059 
II 18:00-20:00 42 
II 20:00-22:00 51 
II 22:00-24:00 52 
" 24:00-02:00 51 
II 02:00-04:00 12/23 62 
11 04:00-06:00 53 
II 06:00-08:00 273 
" 08:00-10:00 1263 
" 10:00-12:00 939 
" 12:00-14:00 1094 
II 14:00-16:00 958 
13:06~13:40 12/23 16:00-18:00 1073 
II 18:00-20:00 35 
11 20:00-22:00 35 
II 22:00-24:00 40 
II 24:00-02:00 62 
II 02:00-04:00 12/24 50 
II 04:00-06:00 47 
II 06:00-08:00 281 
" 08:00-10:00 1038 
" 10:00-12:00 1683 
II 12:00-14:00 1598 
" 14:00-16:00 1484 
14:00 12/24 16:00-18:00 601 
II-29 
TABLE XIX. Dark bottle counts per minute per 


































.. l Counts per minute per hour of incubation 
Sample times innnediately i Sample times as shmm in 
































TABLE XX. Dry weight and pigments per cubic meter. 


































Grams dry I mgs Chlorophyll per m3 ngs Carotinoids m3 
weight per l~-a=~::'=:':b::'::"'::=-=""'c ~~! ::=:T::-o--:-t-:a1::-+-~N:;:-o';;";;n';::"'::"';';;:;, =:.::....,5:....::.....:~_ 
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00.61 I' 01.19 0.06 
I 00·57 01·37 0.02 00.49 I 01.17 I 0 . 03 I 00.34 f 00.85 0.06 
I 00.24 '00.77 0.04 
I 00.42 j 01.16 0.05 I . I 00.27 ! 00. 95
1 
0.09 
I 00·52 01.18 0.06 
I 00·33 00.85 0.05 
j 00.31 00.81 0.05 I 00.27 00·77 0.04 
I 00.55 01.18 I 0.05 I 00.24 00,17 I 0.09 I 00.54 01.37 I 0.08 
I 00.06 00.36 0.07 
00.37 00.78 0.04 I 00 .17 00 . 54 I 0 .09 I 00 .lJ.4 01.13 0 .13 
00.37 00.97 0.12 
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(Notebook 71: 38-9~(. November 20-24, 1963.) 
Procedure: As for Experiment 1, with the folloWing modifications. 
a. Inoculations were made with stock no. 9 carbon-14 
(activity, 7.26 x 106 counts/min.). 
b. Samples taken every two hours and incubated for two 
hours in both the unpainted galvanized sunlight incuba-
tors (AI) and the 1958-type fluorescent light incubators 
c. Samples taken every ti-lO hours and incubated for 24 hours 
in both the unpainted galvanized sunlight (Bl) and the 
1958-type fluorescent light incubators (B2). Table XXII. 
d. Samples taken every two hours and held under natural 
sunlight conditions in unpainted galvanized sunlight 
incubators until the first following 14:00, at which 
time they were inoculated and immediately incubated for 
two hours in the 1958-type fluorescent light incubator 
(c). Table XXIII. 
e. Samples (approximately 150 liters) taken at about 13:00-
14:00 and held under natural sunlight conditions in 
2' X 2' X 5' white fiberglass tub. Aliquots were with-
drawn from this tub every tim hours, inoculated, and 
immediately incubated for two hours in the 1958-type 
fluorescent light incubators (D). Table XXIV. 
f. Dark bottles, with water sources similar to A and D 
treatments and with incubation periods concurrent to 
these respectively, were held in a bucket of water in 
the laboratory. Table XXV. 
TABLE XXI. Mean of two light bottles in counts per minute 
per hour of incubation. November 21-24, 1963. NB71: 44-87. 
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TABLE XXII. Mean of two light bottles in counts per minute 
per hour of incubation. November 21-24, 1963. NB71: 44-87. 
, 
I 
Incubation I Counts per minute per hour of incubation ! 
period I Sunlight incubator Fluorescent incubator 
I (Bl) (B2) 
t· 
06:00-06:00 102 121 
08:00-08:00 92 166 
10:00-10:00 347 358 
12:00-12:00 397 488 
14:00-14:00 322 387 
16:00-16:00 382 156 
18:00-18:00 247 93 
20:00-20:00 239 101 
22:00-22:00 140 50 
24:00-24:00 199 53 
02:00-02:00 174 407 
04:00-04:00 186 382 
06:00-06:00 150 165 
08:00-08:00 202 489 
10:00-10:00 396 900 
12:00-12:00 588 943 
14:00-14:00 590 923 
16:00"16:00 609 1003 
18:00,,18:00 445 1035 
20:00-20:00 298 558 
22:00-22:00 233 394 
24:00-24:00 290 435 
02:00-02:00 218 396 
04:00-04:00 208 317 
06:00-06:00 202 357 
08:00-08:00 165 279 
10:00-10:00 285 603 
12:00-12:00 537 746 . 
14:00-14:00 567 652 
16:00-16:00 551 737 
18:00-18:00 490 588 
II-33 
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TABLE XXIII. Mean of two light bottles in counts per minute 
per hour of incubation. Fluorescent incubator. 
November 21-24, 1963. NB71: 1~4-87 . 
Sample time Incubation period Counts per minute per hour of 
and date incubation (C) 
06:00 11/21 14:00-16:00 11/21 270 
08:00 It 407 
10:00 11 731 
12:00 " 727 
14:00 It 1103 
16:00 14:00-16:00 11/22 1278 
18:00 11 1227 
20:00 11 384 
22:00 t1 495 
24:00 " 444 
02:00 11/22 11 641 
04:00 " 618 
06:00 " 446 
08:00 11 406 
10:00 11 643 
12:00 11 736 
14:00 It 1591 
16:00 14:00-16:00 11/23 rr.66 
18:00 II 1386 
20:00 11 689 
22:00 11 849 
24:00 It 1053 
02:00 11/23 11 1108 
04:00 11 840 
06:00 11 881 
08:00 11 1003 
10;00 II 960 
12;00 It 1205 
14:00 " 1515 
16:00 14:00-16:00 11/24 2198 
18:00 11 1829 
20;00 11 993 
22:00 I' 910 
24:00 11 844 
02:00 11/24 11 813 
04:00 II 900 
06:00 II 940 
08:00 " 1153 
10:00 11 984 
12:00 11 1008 
TABLE XXIV. Mean of tlvO light bottles in counts per minute 
per hour of incubation. Fluorescent incubator. 
November 20-24, 1963. :NB71: 44-87. 
"r ., 
a. 
Sample time Incubation period Counts per minute per hour 
and date of incubation (D) 
14:00 11/20 06:00-08:00 11/21 277 I, 08:00-10:00 287 
II 10:00-12:00 353 
" 12:00-14:00 375 
If 14:00-16:00 315 
13:00-13:45 11/21 16:00-18:00 477 
11 18:00-20:00 lt53 
11 20:00-22:00 328 
11 22:00-24:00 277 
If 24:00-02:00 11/22 299 
II 02:00-04:00 307 
11 04:00-06:00 375 
" 06:00-08:00 304 
If 08:00-10:00 602 
" 10:00-12:00 750 
II 12:00-14:00 76'y. 
" 14:00-16:00 536 
13:00-13:15 11/22 16:00-18:00 1371 
11 18:00-20:00 11113 
II 20:00-22:00 460 
" 22:00-24:00 502 
11 24:00-02:00 11/23 493 
" 02:00-04:00 579 
II 04:00-06:00 672 
If 06:00-08:00 1009 
" 08:00-10:00 1522 
11 10:00-12:00 1918 
" 12: 00-1L~: 00 25911-
" 14:00-16:00 1868 
13:30-13: 45 11/23 16:00-18:00 1631+ 
II 18:00-20:00 11'T6 
11 20:00-22:00 720 
II 22:00-24:00 727 
II 24:00-02:00 11/24 609 
11 02:00-04:00 702 
" 01~: 00-06: 00 808 
!1 06:00-08:00 984 
11 08:00-10:00 1461 
II 10:00-12:00 r(59 
11 12: 00-11~: 00 1080 
11 14:00-16:00 16~-9 
14-: 00 11/24 16:00-18:00 2533 
II-36 














































November 21-24, 1963. NB71: 44-87. 
Counts per minute er hour of incubation 
Sample times immediately Sample times as shown 




















































































(Notebook 63: 18-20. June 14, 1962.) 
Procedure: As for Experiment I, but with aliquot samples 
incubated in three different incubators. 
1. Unpainted galvanized iron sunlight incubator. 
2. 1961-type fluorescent light incubator with single ballast. 
3. 1961-type fluorescent light incubator with double ballast. 
Three sets of bottles, each consisting of two light and one 
dark bottle, were used for each type of incul)ation technique. 
II·-3B 
TABLE XXVI. Six light bottles and, in parentheses, 





June 14, 1962. NB63: 19-20. 
Counts per minute per hour of incubation 
Sunlight Fluorescent, single Fluorescent, double 
. incubator ballast incubator ballast incubator 
i 
1234 1564 2491 
1428 1396 2512 
1518 1154 2940 
1549 (28) 1554 (23) 2892 (38) 
1292 (36) 1424 (21) 2619 (32) 
1247 (31) 1335 (34) 2590 (27) 
1378 (32) 2674 (32) 
II-39 
EXPERIMENT 12 
(Notebook 63: 21-24. June 22, 1962.) 
Procedure: As for axperiment 1, but with aliquot samples 
incubated in three different incubators and, in each, With neutral 
density filters which permitted light penetration at approximately 
64%, 30%, 16% and 1% as well as incubation at full light intensity. 
1. Unpainted galvanized iron sunlight incubator. 
2. 1961-type fluorescent incubator with single ballast. 
3. 1961-type fluorescent incubator with double ballast. 
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TABLE XXVII. Mean of two light bottles in counts per minute 












i Counts per minute per hour of incubation 
Sunlight . Fluorescent, . Fluorescent, I incubator single ballast double ballast 
i incubator incubator 
581 521 568 
1034 395 421 
731 100 143 
321 45 55 





(Notebook 63: 32-34. July 6, 1962.) 
Procedure: As for Experiment 1, but with aliquot samples 
incubated in three different incubators and, in each, with neutral 
density filters which permitted light penetration of approximately 
64%1 30%, 16%, and 1% as well as incubation at full light intensity. 
1. Unpainted galvanized iron sunlight incubator. 
2. 1961-type fluorescent light incubator with Single ballast. 
3. 1958-type fluorescent light incubator. 
Six dark bottles were held in a bucket of running water in the 
laboratory. 
II-~·2 
'l'ABLE XXVIII. Mean of two light and six dark bottles in counts 
per minute per hour of incubation. July 6, 1962. NB63: 33-34. 
Count~ per minute per hour of incubation 
i Neutral i 1961 "type \1958-type Mean of I density I Incubation ! Sunlight fluorescent, fluorescent dark 
period 1 filter I incubator single ballast I incubator bottles 
incubator I 
;,,, 
09:50 to None 661 724 1155 17 
13:00-13:58 64% 96~· ~.49 845 
30% 852 172 271 
16% 525 47 136 
1% 110 14 28 
II··43 
~Rn1ENT 14 
(Notebook 68: 28-33. July 21, 1962.) 
Procedure: As for Experiment 1, but With aliquot samples 
incubated in three different incubators and, in each, With neutral 
density filters which permitted light penetration of approximately 
64%;and 16% as well as incubation at full light intensity. 
1. Black painted galvanized iron sunlight incubator. 
2. lihite painted galvanized iron sunlight incubator. 
, :. 
3. Unpainted galvanized iron sunlight incubator. 
Dark bottles were in the incubators themselves. The water 
sample was taken in the natatorium at 11:45 although the incubations 
were from @ 12:09 to 18:15-18:48. 
TABLE XXIX. Mean of two light bottles and dark bottles, 
in parentheses, in counts per minute per hour of incubation. 
July 21, 1962. NB68: 28-33. 
! Counts per minute per hour of incubation 
Neutral Black I White Unpainted 
Incubation density sunlight sunlight sunlight 
period filter incubator incubator incubator 
12:09 to None 540 (14) 696 (15) 547 (13) 
18:15-18:48 64% 332 472 567 




(Notebook 68: 43-47. July 25, 1962.) 
Procedure: As for Experiment 1, but with aliquot samples 
incubated in five different incubators and, in each, with neutral 
density filters which permitted light penetration of approximately 
64%, 30%, 16% and 1% as well as incubation at full light intensity. 
1. Bla.ck painted galvanized iron sunlight incubator. 
2. "illi te painted galvanized iron sunlight incubator. 
3. Black bottom 1961-type fluorescent light incubator with 
Single ballast. 
4. White bottom 1961-type fluorescent light incubator with 
single ballast. 
5. 1958-type fluorescent light incuba.tor. 
Five dark bottles were held in a bucket of water in the 
laboratory. The water sample was taken in the natatorium at 11: 50 
although the incubations were from @ 13:00 to 17:40-19:16. 
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TABLE XXX. Mean of two light and five dark bottles in counts 





.1." ; Hhi te Black ; l-lhi tel: Mean of I densiw . sunlight I sunl:4j1t i 196I.-tYJ:e 11961-We 119~tY:Pe 1 dark 1m ters I mcubatar ! :in::ubator I flu:ne3cerrt I fluorescent I flmrescerrt bottles 




837 887 1319 19 
17:40-19:16; 64% 1154 
I 951 














(Notebook 63: 90-97. October 6, 1962.) 
Procedure: As for Experiment 1, but with aliquot samples 
incubated in four different incubators and, in each, with neutral 
density filters which permitted light penetration of approximately 
64%, 30% and 1% as well as incubation at full light intensity. 
1. Black painted galvanized iron sunlight incubator. 
2. "(Ilhi te painted galvanized iron sunlight incubator. 
3. 1958-type fluorescent light incubator. 
4. 1958-type fluorescent light incubator lined with aluminum 
fOil. 
Three dark bottles were held in a bucket of water in the 
laboratory. The water sample was tal(en at the natatorium at 09: 55 
although the incu-bations were from 10:30 to 13:23-14:00. 
TABLE XXXI. Mean of ti'lO light and three darl~ bottles in 





I i Counts er minute er hour of incubation 
Neutral! Black I i'lhite 1195 -type ! 195 -type IMean of I density I sunlight sunlight fluorescent I fluorescent dark 
,. filter incubator I incubator incubs>tor incubator bottles 
J I (w / aJ.uminum) 
None 452 327 79~· 889 14 
64% 634 634 506 
30% 487 690 241,. 
1% 59 122 26 443 f 
. I i 1 
. -.~.~ ' .. ----,- .. ~-.. -.---,'---~--~.--.---.'-------:-... ______ .....: _____ .. _. ___ ... _ .. _ .......... L .. _ ... __ .~_ ... .. . 
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EXPERD-1ENT 17 
(Notebook 63: 44-51. August 14, 1962.) 
Procedure: As for Experiment 1 but with modifications in the 
acid"washing technique. 
Experimental treatments were as follows: 
1. HCl fumes, planchets exposed to fumes for 10 min. 
2. HCl fumes, planchets exposed to funles for 1 min. 
3. No acid with 35 gil NaCl. 
4. 0.001 N HCl in 35 0/00 NaCl. 
5. 0.00 N HCl in 35 0/00 NaCl. 
6. 0.1 N ECl in 35 0/00 NaCl. 
7. 1 N HCl in 35 0/00 NaCl. 
8. 10 N HCl in 35 0/00 NaCl. 
Light bottles were incubated in an unpainted galvanized iron 
sunlight incubator and dark bottles ,,,ere held in a 1958-type fluorescent 
light incubator with circulating 1vater but the lights turned off. 
Incubation ceased ,,,hen the individual bottles w"ere filtered. 
After filtering each set (3 light and 3 dark bottles), the sets were 
treated accordingly. In the case of the liquid solutions, 10 ml of 
solution was used on each planchet just before the final rinse with 
25 ml of clean filtered sea water. In the case of the HCl fumes, the 
manifold filter apparatus was inverted over bottles containing concen-
trated HCl with the vacuum pump still running. After exposing planchets 
to fumes for the required time, the planchets were rinsed with 25 lUI of 
clean filtered sea vTater. 
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T.A.BLE XXXII. Light and dark bottle counts per minute per hour 
of incubation resulting from experiments when different methods of 
planchet preparation were follow·ed in regard to the removal of 
inorganic carbon from the pbytoplaw{ton populations caught on 
membrane filters. August 14, 1962. NB63: 46-51. 
No acid Hel in 35 0/00 Nael Hel fumes 
35 g/l 0.001 N 0.01 N 0.1 N IN 10 N 1 min. 10 mins 
Nael Hel Hel Hel Hel Hel 





13 845 1045 1030 891 907 703 1261 1332 
.0 
~ 729 1096 1103 932 1135 586 1389 1618 ttoC 
• .-1 
..::I 
Mean 818 1022 1070 904 1021 627 1355 1480 





13 12 9 7 9 8 8 10 12 
.0 
..!4 
~ c 11 9 9 8 8 5 11 8 A 









(Notebook 63: 5l~-59. August 30, 1962.) 
Procedure: As for &~periment17 but with the following treat-
ments and modifications. 
1- HCl fumes, planchets exposed to fumes for 30 sees. 
2. HCl fumes, planchets exposed to fumes for 1 min. 
3. No acid with 35 gil NaCl. 
4. 0.001 N HCl in 35 gil NaCl. 
5· 0.01 N HCl in 35 gil NaCl. 
6. 0.1 N HCl in 35 gil NaCl. 
7. 1.0 N HCl in 35 gil Nael. 
8. 10 N Hel in 35 gil NaCl. 
In the laboratory the 5-gallon carboy was shru~en vigorously 
for 1 minute and then it was inoculated v1i th six large ampoules, each 
containing 10 mI. The carboy '\las again shaken for 2 minutes after 
which half of the sea "Tater was transferred to another carboy. One of 
the carboys was completely covered "\fith aluminum foil and placed on the 
water table vrith water continuously running over the entire surface of 
the carboy. The other ifas placed on the roof w"i th .Tater .also contin-
uously running over the entire surface. Both" 'car"boys were shal~en every 
15 minutes. 
Immediately following a 3-hr. and 15 minute incubation period, 
the carboy on the roof vTaS taken into the laboratory and covered with 
alumim.llil foil. 
Hater from this carboy was then poured into 3 light bottles, and 
3 dark bottles .Tere filled from the cal'boy ,vhich had been covered loTi th 
aluminum foil in the laboratory. These bottles .. rere then filtered while 
another 6 bottles ifere being filled. After the first 6 bottles vrere 
II-52 
filtered, these same bottles 1-rere rinsed idth filtered sea i-Tater and 
filled up again. Therefore, throughout the experiment, only 12 bottles 













TABLE XXXIII. Light and darl'>: bottle counts per minute 
per hour of incubation resulting from experiments ,?hen 
diffel'ent methods of planchet preparation ,,,ere followed in 
regard to the removal of inorganic carbon from the phyto-
,tlaru'>:ton populations caught on membrane filters. 
August 30, 1962. NB63: 56-59. 
No 
II-53 
acid I Hel in 35 0/00 NaCl HCl fumes 
! 
35 0/00 0.001 N 0.01 N 0.1 N LON 10.0 N 1(2 I ~ 
Na.Cl HCl HCl HCl HCl HCl mJ.l1. m~n. 
364 378 406 1~40 466 302 510 496 
I 
329 397 428 428 4·21 290 510 483 I I ~ - -
362 370 395 i~22 434 258 1j·95 551 .~c I .r! 
. ...:1 
-
Mean 352 382 410 430 I 11·40 283 505 510 , 
a 13 12 10 13 11 7 20* 13 
(J) .. -.-
0) 
~b 12 12 11 13 I 10 9 13 13 -\-' 0 
.a ---




Mean 13 12 10 13 10 I 8 15 12 
. I i 
* Bro,'ffi particles on planchet. 
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EXPE~IMJ5l'!T 19 
(Notebook 63: 62-67. September 10, 1962.) 
Procedure: As for EA~eriment 17 but with the following 
treatments. 
1. No acid with 35 p/oo NaCl. 
2. 0.001 N HCl with 35 0/00 NaCl. 
3. 0.01 N HCl with 35 0/00 NaCl. 
4. 0.1 N RCI with 35 0/00 NaCl. 
5. 1.0 N RCI with 35 0/00 NaCl. 
6. 3.0 N HCl with 35 0/00 NaCl. 
7. 6.0 N RCI with 35 0/00 NaCI. 
8. 10.0 N RCI with 35 0/00 NaCl. 








I a fm 
TABLE XXXIV. Light and dark bottle counts per minute 
per hour of incubation resulting from experiments when 
different methods of planchet preparation \Jere followed in 
regard to the removal of inorganic carbon from the phyto-
plankton populations caught on membrane filters. 
35 0/00 
NaCl 
September 10, 1962. NB63: 64-67. 
HCl in 35 0/00 NaC1 
0.001 N 0.01 NO.1 N 
II··5) 
10.0 N No 
acid 
281 










. I r I l~ I! b __ 3_0_8 __ ~ __ 3_0_7 __ ;-__ 3_05 __ +-2_7_5 __ ~_2_6_5 __ t ___ 29_3 __ ! ___ 2_7_0 __ ~_1_8~ 
,.q ; I I 
j c __ 2_9_0_-+_3_1_6_~_3_0_J.J'-I-_3_01 __ I __ 2_9_4_~7~~. __ ._19_5_--+1 
',Mean 293 317 300 287 278 I 283 I 259 I 186 
i I __ ' 
I I a 15 15 13 13 12 11 12 I 9 I I I 
I w 1 ________ ~--__ --4---__ --·~-----~----~~-----!-----·--L------i 
! ~ b 15 16 13 12 14 13 13 I 9 j 
lie 1--1-5---lr---1-5-~---1-2-'I--1-3--+--1-3-!~--+,--l-l--tI_--_ ,~8_J 
I I 




(Notebook 72: 82-87. May 19, 1962.) 
Procedure: As for Experiment 1 except that replicate samples 
were incubated 'Hi.th and vlithout mylar film filters at @ 10()%, 64%, 30%) 
16% and 1% of incident sunlight intensity. 
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TPillLE xxxv. Light bottle counts per minute per hour 
of incubation. Unpainted galvanized iron sunlight incubation. 
May 19, 1962. NB72: 83. 
Incubation j Neutral , Counts per minute per hour of incubation. I period I density 1---. 
. 1 
filter I Without mylar Hith mylar 
12:20-15:30 f none 3895 6909 I 61~% 6925 6607 ! 
I 309& 5534 5723 
I 16% 3265 2501 , 
1% 432 227 
------
1I-5~ 
1. Productivity index, photosynthetic biomass, bottle effects 
and standard sampling time 
Productivity data from experiments performed at Naples (NB31: 
74-75) with inshore phytoplankton sanwles have been in direct contrast 
with resUlts from open ocean cruises. The disagreement referred to here 
is in respect to the relative carbon-14 uptake during morning (06:00-
12:00) incubation and afternoon (12:00-18:00) incubation with samples 
taken at 06:00 and 12:00, respectively. Inshore waters have had higher 
afternoon productivity and ocean ivaters a higher morning produ~ti vity. 
This interesting phenomenon is possibly a reflection of either the 
periodicity (Doty & Oguri, 1957; Doty, 1959) displayed by v(;!,1~ious photo-
synthetiC organisms or biotic variations between sampling times and 
seems to indicate that the productive cycles for open and inshor-.\ 
phytoplankton populations are different. 
Ryther, et ~. (1958), as well as others, have also found that 
daily productivity measurements varied depending ulJon the time of the 
day when such measurements were initiated and terminated. 
In light of these findings and the fact that current workers are 
not all in agreement on standardized sample times and inCUbation periods, 
a series of eXperiments has been performed to give us more cJ.8finitive 
information bearing on carbon-14 fixation as a function oi' these 
variables. Secondly, it ",as anticipated that reg;cession factors c·.Juld 
be determined which "rould relate mean 24 hour productivity to product-
ivity determined for any particular segment of a 24 hour period. 
Experiment 1, June 27-28, 1962, our initial controlled effort in 
this dil~ection, supports the Naples data in that t]'le afternoon fixatj::m 
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in light bottles was several times greater than that of the ear}y 
morning. The disparity of results from the five incubation perIods i·ms 
evidence that further work in this direction was needed. The difference 
in productivity between 24-hour incubations started at 06:00 and 12:00 
was of particular concern and will be elaborated upon later. 
E::q)eriments 2, 3, L~, 5 and 6 were modeled after Experiment 1 
with the addition of several more incubator types. Among the several 
purposes for which these were designed were those of verifying the 
conclusion from Experiment 1 and determining the constancy of t.he 
productivity results for the five different incubation periods. Table 
XXXVI shows the light bottle fixation of each period., relative to the 
12:00-18:00 results taken as 100% for these six experiments. 
Daily variations in productivity, relative to the standard perioL!. 
of 12:00-18:00 used here, are greater than between incubators of dif-
ferent types for the same period. Although these data do not per:nit 
the selection of a standard time or lend themselves to a determins,tton 
of productivity for a 24 hour period (.!.~., they d.o not provide a basis 
for making a selection), they led to the more detailed work of EX}Jerim::mtfJ 
7-10. 
The results of Ex-periment 7, in which samples Wp.Te tc,l(en fer 31.. 
consecutive hours and incubated in a constant light source; as well af. 
natural sunlight, illustrate the periodic fluctu".t.:Lon l'y time for 
organic carbon formation. As will be more thoroughly cUscussed l2.t""J:", 
fixation 1-laS greater in fluorescent light than in naturel sU:1light. 
At the time of this experiment, vTe were ascribinr: ·t~hese hon:~ly 
variations to changes in the "productivity incQ,xll) the fix8.tiol1 pCL:E:::,tisl 
TABLE XXXVI. Relative light bottle fixation for different incubation 
periods i-Then 12: 00-18: 00 results are taken as 1005b. All incubations started on 
the date shovm at the top of each column. 
a. Unpainted galvanized iron sunlight incubator. June 27-28 1962. l\T:863: 280 
O. Unpainted galvanized iron sunlight incubator. July 14-31, 1962. NB68: 7~·-75. 
Incubation L Incubations stEl~ted on July: 
period 114th 15th 16th 17~t.h 18th 19th 20th 21st 22nd 23rd 24th 25th 26th 27th 28th 29th 30th 31st 
06:00-12:00 45 40 50 31 35 48 45 25 29 33 49 21 23 32 47 26 30 31 
06:00-18:00 66 62 95 61 47 78 '62 611. 60 57 77 :;0 33 67 69 3~· 51~ ~-3 
06:00-06:00 30 25 31 11 19 29 32 27 27 24 31 23 16 22 24 16 27 2~· 
12:00-18:00 1100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
, 










55 0\ 0 
c. Black. painted galvanized. iron sunlight incubator. July 20-31. 1962. rm68: 7h-75. 
_______________________________________ ~I~n~c~u~b~a~t~i~ons started on July: Incubation 


























33 30 h3 
53 35 70 
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d. Black. painted galvanized iron sunlight incubator. i:..ugust 15-22, 1962. HB70: 37-39. 
Incubation Incubations started on August: 
pel'iod 15th 16th 17th 18th 19th 20th 21st lvlean 
06:00-12:00 21 22 14 36 23 16 29 23 
06:00-18:00 
06:00-06:00 17 14 9 17 12 17 22 15 
12:00-18:00 100 100 100 100 100 100 100 100 




















1- Incubations started on August: 
! 17th 18th 19th 20th 21st Nean 
9 24 27 22 22 21 
6 22 17 14 19 16 
100 100 100 100 100 100 
29 41 50 60 54 47 





























per unit of chlorophyll, although there "lere indications from 24-hour 
incubations of the earlier experiments (#1-6) that some other factor(s) 
was, at least in part, responsible for the changes in absolute carbon 
uptal~e as measured. Yentsch & Ryther (1957), Yentsch & Seagel (1958), 
Shimada (1958), Iehimura (1960) and others have produced evidence that 
there are diurnal rhythms in amount of chlorophyll of slli~face waters. 
Experiment 8 was designed to explore the apparent fixation 
periodicity evident vith samples incubated for 24 hours and, further, 
to COmpal"e fixation during this incubation period with that from 2-hour 
incubations. 
Figure 1 illustrates the periodicity of organic carbon formation 
for samples tal~en evel~ 2 hours and incubated for 2 hours and 24 hours 
in both fluorescent light and natural sunlight incubators. 
Note that the noon depression in fixation as measured by the 2-
hour incubation periods also shmvs up .lith the 24-hour incubations. A 
logical explanation for this and other similarities is that the plankton 
of the sampled surface 'vater differ in either or both quantity and 
quality for different times of day. Other1'i"ise, one 1loUld expect fairly 
uniform fixation for all 21~-hour incubations, just as it is logical to 
suppose that natatoriuml 1later, in situ, has equal potential for 
productivity over any given 24 hour period. If periodicity in fixation 
potential, per unit of chlorophyll, can be discounted as an explanation 
for the variation betileen samples incubated for 24 hours, this variation 
could be due to sample variations in biomass. The results of 2-hour 
incubations, however, are a function of both poten"tial fixation per 
unit of chlorophyll and photobiomass (or chlorophyll) per~. It would 
3,OO°rt~-r'-1I-;:r:::r=:c:r::r:::::r:::r=:C:CI:::::r::C:C:CI::r::TTlrT-r"-Tin 
o 0 FLUORESCENT INCUBATION, 2 HOURS 
6 6 SUNLIGHT INCUBATION, 2 HOURS 0------0 FLUORESCENT INCUBATION, 24 HOURS 
z 2,500 
o 























NOV. 10, 1962 NOV. '1,1962 NOV. 12, 1962 
TIME OF SAMPLING AND START OF INCUBATION 
Figure 1. Carbon fixation rate as a function of sample time in hours, 
for different incubation periods and types of incubators. NB70: 65. 
Experiment 8. 
II-65 
follow that the empirical difference in carbon-14 uptru~e for the two 
incubation periods is a meaS'LU'e of the actual periodicity in the 
II "t' '.l- • d II proa.uc ~v~cy ~n ex . Treating the counts per minute per light hour of 
incubation in this I-my gi ves results as shmm in Figu:t.'e 2. It seems 
that the photosynthetic biomass, or chlorophyll content thereof, is at 
a minimum at 06: 00 and maximum at 16: 00 as shO\m by 24--hour incubations. 
In contrast to this, the fixation potential of a given biomass ranges 
from a low @ 18:00-20:00 to a high at 14:00. 
Yentsch & Ryther (1957) and Shimada (1958) have found chlorophyll 
E;, as mg/m3, to increase during the dark and decrease d.uring the light 
period. of the day. In both these papers, the chlorophyll E; data have 
been plotted together with carbon fixation and simultaneous fluctuations 
of both appear to be well correlated. 
The results from these two investigations are shovm clea:cly 
enough in their respective Figures 1, that it has been possible to 
extract the data for both chlorophyll §; and cal'bon-14 uptalce. This has 
been done 1-lith results as shOlm belm-l and, in addition, a "productiv:tty 
index" as calculated from their data has been added. 
Yentsch ~_Ry:ther (1957) 
Time Mg chl. ~Lm3 Counts {r;1in-103 PI 
12:00 7/18/56 0.97 5.7 4.8 
16:00 0.74 LI-,6 6.2 
20:00 1.10 5·5 5·0 
24-: 00 1.10 3.8 3·5 
04:00 7/19 1.61~ h.3 2.6 
08:00 2.00 8.6 4.3 
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Figure 2. Periodicity of productivity index, as the difference 
between 2- and 24-hour incubations, and photosynthetic biomass, 
as a result of 24-hour incubations as a function of sample time 
























































In both these studies, it can be seen that the range in 
chlorophyll ~ over a 24 hour period is actually l0ss than is the range 
in carbon-14 uptalte per mg of chlorophyll. The productivity index 
cycles do not correspond with vThat iole show in Figure 6 with regard to 
the time when minimum occurs, but Yentsch & Ryther's 16:00 peak is near 
to that i-Thich we find at lLI_: 00. 
One approach tow"ard verification of these time periods as extremes 
of fixation potential would be to run subsamp1es from a single large 
sample, tw~en at one time of day, over a 24 hour period. An approxima-
tion of such an experiment i-laS performed during Smith cruise #33, using 
2-hour incubations only. This work (NB2l) is reported in Annual Report, 
1956, p. 30 and Fig. 9. The data from this cruise have been translated 
into light bottle counts per minute per hour of incubation with the 
II-67 
results sho~m in Figure 3. Note that in both this and Figure 2, the 
least potential is expressed at 18:00-20:00 and the greatest at 10:00-
14: 00. Also, this potential builds up slm;rly d\'lring the night and early 
morning hours, dropping rapidly in the afternoon. 
Experiment 8 also provided evidence '-Thich indicates that the so-
called IIbottle effect" does not seem to have particularly influenced 
fixation values received ~th 24-hour incubation periods. 
Our approach has been as follows: average "standardizedll counts 
per minute per hour for a 24 hour period have been calculated for 12 
successive 2-hour incubation periods of samples taken every 2 hours. 
It is pOSSible, thus, to compare these results with those for 12 succes-
si ve samples taken every 2 hours, each held for 24 hours. Only sl1l11igk', 
hours, accepted as being from 06:00-18:00, are used for this purpose. 
Table XXXVII ShOllS total counts for a 12 hour light period and a 12 hour 
dark period, as determined by the use of 2-hour incubations and 21~-hour 
incubations in both the 1958-type fluorescent and sunlight incubators. 
Results of this analysis in counts per minute per hour are plotted ~. 
the time of first sample for both incubation periods and incu':>ators on 
Figure 4. 
Contrary to the ex-perience of Vollenweider and NauvTerck (Verh. 
Internat. Verein. Limnol. XIV: 134-139, 'l961j), these results do not 
show lli1due reduction of C02 uptake with incubations of 24-hour duration. 
It is interesting that incubations with the fluorescent light incubator 
which showed higher productivity than the slli1light incubator actually 
display less IIbottle effect ll than found for the sunlight incubator. 
Certainly, differences due to kind 01' source light are greater than 
























MARCH 26,1956 MARCH 27,1956 MARCH 28,1956 
STARTING TIME OF INCUBATION 
Figure 3. Carbon fixation rate as a function of incubation time in 
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NOV. 10,1962 
TIME OF FIRST OF 12 SUCCESSIVE SAMPLES 
Figure 4. Mean counts per minute per hour for a 24 hour period with 
12 hours of light and 12 hours of dark. Each value represents an 
average for 12 successive samples taken ever,y 2 hours. NB63: 114. 
Experiment 8. 
II-68 
l-Ie would like to call attention to the comparison of the mean 
values arrived at by Llal{ing 2-hour incubations over a period of 24 hours 
~. the means of 21~-hour incubations initiated over a 24 hour period 
"'ith the sunlight incubator. The values (total counts per minute per 
hour) for the 2-hoUl~ incubations and the 24-hour incubations are 
measures of the productivity in aliquot subsamples, taken at the same 
time, but not subjected to identical light conditions. For example, the 
1106:00 2-hour" value of 12,748 counts/24 hours represents fixation foX' 
samples tal-\.en 06:00,08:00,10:00, 12:00, ])~:OO, 16:00, 18:00, 20:00,. 
22:00, 24:00, 02:00 and 04:00; incubated, in order from 06:00 on the 
10th of November to 06: 00 on the 11th of November. The "06: 00 2!~-hour" 
value of 10,206 represents fixation for samples taken at the same times 
but spanning an incubation period from 06:00 on th~ 10+'h of November to 
06:00 on the 12th of November. 
We suspect that it is because of changing light conditions that 
the difference bet'\"een 2-hour and 24-hour values is greater ilith the 
sunlight incubator than with the fluo:cescent incucator where light was 
held constant. Further support for this contention may be found in a 
comparison of 2-hour and 21~-hour incubation values by sample time on 
the 11th of November (Figure 1). Note that the 24-hour values of the 
11th compare favorably in magnitude With those of the lOth, whereas 
the 2-hour values of the 11th are marlcedly 10,"Ter than those for the 
10th in the sunlight incubator. 
We recognize that the fluorescent 2-hour values also can be 
interpreted as there being a progressively smaller photosynthetic 
biomass present (11th of November) but here, the total fixation (as 
represented by counts/minute/24 hours) dropped from 18,620 to 15,902 
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(15%) while the 2-hour value for fluorescent incubation dropped from 
12, 11~8 to 9,050 (29%) - meaning that a change in the intensity of 
sunlight on the II.:!?!! compounded the decrease due to biomass alone either 
by reason of being limiting or of such intensity to be inhibiting. 
On the basis of these findings, it nmy even be argued that any 
alleged loss of accuracy traceable to the IIbottle effect" is more than 
compensated for by the tendency of 24-hour incubations to llwash outll 
short-term variations in the environn~nt. Similar treatment has been 
given to the results of ~~eriments 1 and 9, these data sholffl respectively 
in Tables XXXVIII and XXXIX. 
The next step in our exploration of the periodicity phenomenon 
\-ras to undertalce Experiment 9. This lTaS designed to measure the r .. ypo~ 
thesi:3ed variations in biomass quality and/or quantity as w"ell as the 









Samples taken every 2 hmlI's and 
run irmnediately 'nth 2-hour 
incubations. 
Sanrples taken every 2 hours and 
run imnediately with 24-hour 
incubations. 
Samples tween every 2 hours and 
held for inoculation and incu-
bation till a standard (14:00-
16:00) time of day. 
Large sample tween once a day 
(@ ll~: 00) and subsamples dralffl 
every 2 hours for immediate 
2-hour incubation. 
Sample taken every 2 hours for 
fiHration and dry 1-leight. 
Sample taken every 2 hours for 
chlorophyll analyses. 
Measure of variation in: 









It i,ras expected that of the difference bet",een the sets of 
A, B, 0, and D: 
A B woUld measure relative changes in the productivity index; 
A 0 woUld measure relative changes in the productivity index; 
and, 
A - D i'loUld measure relative changes in the photosynthetic 
biomass. 
A variation was expected of IIEII ~. the time of day and related to 
pl~oductivity as determined by IIBII and 110" directly •.. note Table XVII, 
Appendix I, Annual Re-port, 1961, data for high productivity samples 
taken on cruises K03, K04, K05, K08 and K09 (the current coding adds 
another 110" after the Kj thus, K003, etc.). 
Unfortunately, sufficient fluorescent light incubators were not 
available at this time to properly test the hypothesis and the i~hree 
variables of: 
a) Periodicity in the productivity index; 
b) Changing photosynthetic biomass; and 
c) Changing light conditions, 
coUld not be properly separated "!-lith the sunlight incubator that wo.s 
employed in Experiment 9. There are, hOi-rever, several methods avai1ahle 
for comparison of results from the different sampling, holding, and 
incubation techniques. Note that "BII and "C" are thought to be 
measures (it is accepted that they are only relative) of the photo-
synthetic biomass • Although the sunlight conditions "Tere not the same 
each day betvTeen 14: 00 and 16: 00 and vle do not have II correction factors" 
for this variable, there is a striking agreement betw'een the results 
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DEC. 22, 1962 DEC. 23, 1962 
TIME OF SAMPLING AND/OR START OF INCUBATION 
Figure 5. Comparison of three measures of photosynthetic biomass 
as they vary with sample time in hours. The photosynthetic rates 
from the two types of sunlight incubations being interpreted here 
as due largely to variations in biomass. NE7l: 20. Experiment 9. 
TABLE .xxxvIII. Total counts/min./hr. for a 24 hour 
period as determined by the use of 2-hour incubations. 
Experiment 7. NB63: 70-89. September 12-13, 1962. 
Start of Sunlight 1958-type fluorescent 
24 hour period incubator incubator 
06:00 11,322 15,068 
07:00 11,302 15,097 
08~00 11,296 15,235 
09:00 11,317 15,450 
10:00 11,271 16,284 
11:00 10,815 16,415 
12:00 11,699 19,141 
13:00 12,221 20, 0~(4 
Mean per 24 hour period 11, 405 16,596 
Mean per hour 475 692 
II·-7J 
TABLE XXXIX. Total counts/min./hr. for a 24 hour period 
as determined by the use of both 2- and 24-hour incubations. 
Experiment 9. NB70: 80-117. December 21-24, 1962. 
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Start of 24 Sunlight incubator 1958- iyJ:e fluorescent incubator 
hour period I 2-hour incu1:a:tlon 124- hour incu batton 2-hour incubation 
I 
06:00 5,158 6J!~04 10,456 
08:00 5,094 6,4.18 10,892 
10:00 5,556 6,382 10,986 
12:00 5,514 6,160 10,750 
14:00 5,346 6,268 10,440 
16:00 1)., 9~.6 6,544 10,544 
18:00 5,288 7,234 11,970 
20:00 5,288 7,664 11,970 
Mean/24 hours 5,274 6, 63!~ 11,001 
Mean/hour 220 276 458 
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opinion, this agreement is sufficient to lend support to the hypothesis 
that photo-synthetic biomass varies from one time of day to another and 
that this variation is either directly or indirectly related to light 
conditions over the 24 hour daily period. Recall that similar results 
with 24-hour incubations (B) were obtained in the November 1962 experiment 
(8) and that the several results from our September 1962 experiment (7) 
are also in line with this conclusion. 
The results of our dry weight and chlorop~yll ~ analyses are 
erratic. We do not have absolute faith in either our dry weight data 
(spillage of sample during filtering, etc.) or in the chlorophyll ~ data 
(use of a faulty spectrophotometer, etc.), but it is to be seen that 
variations of this IIcalculated photosynthetic biomass ll are not contrary 
to the other two plots shown Figure 5. 
On the other hand, the productivity index, Figure 6, of count8/ 
mg/m3 of chlorophyll a is quite similar in cycle With that arrived at 
indirectly and shoml in Figure 2 for E2~eriment 8. All indications are 
that within the Waikiki Natatorium popuJ.ation, the: 
a) Productivity index reaches a maximum at 14:00 and a 
minimum at 20:00; and 
b) Photosynthetic biomass is highest at 16: 00 and 101lest 
at 06:00. 
Our most recent effort along these lines is Experiment 10. 
Analyses have not been completed but the results to date are included 
here for their interest and for the purpose of bringing all information 
together in one place as of this time. 
Establishing a IIstandard time ll for sampling has been a matter of 














START OF INCUBATION PERIOD 
Figure 6. Productivity index as counts per minute per hour per mg 
per m3 of chlorophyll a. Mean data for 06:00, December 22 to 04:00, 
December 24, 1962. NB7l: 16. Experiment 9. 
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EA~eriments 7·9. We have evidence that this time is not best selected 
as 12:00 in spite of the fact that even 12:00 is recognized as leading 
to productivity values '''hich are only relative to the absolute fixation 
in vivo. Our data (from the 30- and 60-hour experiments using the 
Waikiki Natatorium populations) indicate, without exception, that 
productivity measured by the carbon-14 method is very definitely related 
to the time of sampling. He also know, historically, from other recent 
experiments, and from these same natatorium experiments, that fixation 
is related to the incubation light source - perhaps both quantitatively 
and qualitatively. Although not in~, our results from 12 successive 
samples taken every 2 hours, as descrlbed above, provide a weighted 
average for productivity which is certainly a better' measure of organic 
carbon compound formation than that estimated from 12:00 incubation 
results. As expected, there are tim times every 2~· hours '\vhen 
individual 2-hour incubated samples give results approximate to this 
veighted average. A summary of these sample times (by interpolation) 
is shmn1, fOI' the three Experiments 7-9, by incubator type in Table :xL. 
vIe are convinced that samples taken at these times viII give results 
more nearly l~elated to actual l)I'oducti vity than i-Till samples taken at 
12:00. 
TI-\.BLE XL 
__________ ~ __ ---Ex-' ~erim_e_n_t~7 ____ ~ ~E~)~~.~e~r~i=m~e~n~t~8 ____ ~-----E~x~peri~ent~9----
Incubator ~ Fluorescen,_t_S_Ull_l_J._· g_l_TL_--I-_F_l_u_o_r_e_s_c_e_n_t_S_Ull_l_ig_h_t _ .t Fluore=nt SunlIght 
I 07:50 08:05 I 07:00 06:25 Morning I 06: 30 06: 20 08:05 08:05 07:20 08:05 
___ --+i----,-----,'"---------l 08:10 06:55 
Afternoon II 18:45 16:55 I 18:45 17:25 
07:20 07:35 
18:30 17:00 
______ 1-1 ______________________ 1 ___ 18_: 3_5 ____ 17: ~_c_. l~(: 45 r(:oo 
Average = Morning 
Afternoon 
,-------_._----;._-_ .. _--_. __ 0 1 Fluorescent SunlJ.ght 1: 0'f:3I+"" 07: 21 
) 18:20 17:02 
2. Hon-diurnal cycles 
Experiments 2 through 5 't{ere originally designed to determine 
relative fixation by san~ling time and incubation period 'tVith several 
incubators having different light sources. However, these have also 
provided data 'tfhich indicate variations from day to day in the magnitude 
of productivity 'tvhich are of a non-diurnal nature. Figure 7 is a graph 
of the results (Tables II and IV) from Experiments 2 and 3. 
Because of the rather regular increase or decrease in fixation 
over periods of several days for both 06:00 and 12:00 samples, we WOuld 
thirut that this must be associated with manifestations of an outside 
phySical or biologic influence such as phase of the moon, outflow' of 
se'tvage or other wastes, etc. 
Note that the low counts per minute per light hour ",ere experienced 
on the 19th and the high counts per minute per light hour on the 23rd. 
It is interesting that both low tides of the 19th iV'ere at the same l,evel 
on this day as were the t'tlO high tides of July 23rd. 
Another observation is that from the 14th to 19th of July, a 
h:i.gh tide immediately preceded the 06: 00 collection and a lov tide 
innned.iately preceded the 12: 00 collection. From the 20th to 24th of 
July this situation 't'laS reversed, and from the 25jill to 3l~ of July it 
reverted bacl~ to the 1}-/·-19 July situation. Thus, the first situation 
was extant during the decreases in counts per minute per hour 14-19 
July and 25-30 July, while the latter was extant during the increase in 
counts per minute per hour for 20-24 July. 
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START OF INCUBATION PERIOD 
Figure 1. Mean light bottle counts per minute per light hour for 
incubations started at 06:00 and 12:00, plotted as a function of 
the day the measur'ements were made. NB68: 11-13. Experiments 2 
and 3. 
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change related to lunar cycles and the tides, can be very large as sho~ 
in Figure 7 and particularly, in Table )Q;I, a sUllllllary of E;C].Jeriments 4 
and 5. It shoi.lld be more thoroughly investigated ovelO a period of at 
least one month vii th the expectation that cause-effect relationships 
can be more clearly drmm. This is of considerable ecological interest 
in relation to the food supply and si.u~vival of the fish and invertebrate 
larvae that ar'e spaimed in respect to lunar cycles. 
Note that the II time of sampling" has a greater influence on the 
measured fixation than either the length of incubation or the light 
source (1958-type fluorescent and tl'!O different sunlight incubators) 
used for the experiments yielding the data for Figure 7 and Table )Q;I. 
It has subsequently been found (Doty, ~. al., mss.) that the differences 
obtained in results from the techniques used for phytoplanltton product-
ivity in Australia, Japan, Russia and HatTaii are also less than the 
variations due to the time of clay the measurements are made. 
The tvTo types 0:[' periodic change described above must be tal~en 
into consideration if the results 1'rom different techniques and different 
times of Tileasux'ement are to be compared. This is assuming the suspected 
lunar rhythm is actually present. Certainly, seasonal differences have 
been recognized and must also be tuken into account in any summary of 
data gathered at different times of year. 
'I.ABLE XLI. Mean light bottle counts per minute per light hour 
of incubation. The incubators used were the 1958-type fluorescent 
lighJG and the unpainted gal vanizeel sunlight incubators. 
August 15-21, 1962. NB68: 76-103, ~rn70: 2-35. 
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Sample Light Counts per minute per light hour of incubation 
time source started on August: 
15th 16th 17th 18th 19th 20th 21st 
06:00 sunlight 395 365 i 353 1~78 229 161 151 
I 
fl uore s cent I 408 580 373 257 217 
12:00 sunlight 1486 11-1-03 1888 1231 1169 6L::( 532 
f1uOl'escent 3043 1550 1223 1150 '(43 
3. Respiration studies 
There is at least one alternative hypothesis to that set forth on 
page II~4 as an explanation for the periodicity in fixation found with 
samples held in 24-hour incubation; This is that incubations started 
earlier in the daylight period will start to lose carbon-14 (which has 
been organically incorporated) during the dark night period, whereas 
incubations started at night will be respiring carbon-12 only during 
the initial hours and expe:;.:ience less carbon-14 loss by respiration over 
the entire 24 hour period. It will be noted (Figure 1) that the range 
in fixation between incubations started at different times of day is of 
greater magnitude than can reasonably be explained by differences in 
respirationa1 loss. We continue to feel that the most defensible 
hypothesis for cyclic variations in C02 fixation, found by sampling 
every 2 hours and holding samples in incubation for 24 hours, is that 
the photosynthetic biomass is also varying in a cyclic manner. 
We have data which also tend to discount the hypothesis of 
II respirationa1 lOss". Referring to Table VIII , it will be s~en that the 
mean of samples taken at 06:00 and incubated until 18:00 in the 1958-
type fluorescent light incubator gave 604 counts per minute per hovr. 
An aliquot of the same sample, held for 24 hours in the same incubator, 
but llith lights turned off between 18:00 and 06:00 the next morning gave 
182 counts per minute per hour. If we assume that this second 24-hollJ.' 
set had fixation equivalent to the first set at 18:00 and also assume 
only minor variations in the respirational rate in light and dark, 
assign the letter "R" to this respiration loss, and set up an equatic!1, 
it Will follow' this form: 
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(12) (mean counts/minute/hour from 06:00-18:00) + 12 R = 
(24) (mean counts/minute/hour from 06:00-06:00) + 24 R, 
where each side of the equation equals gross C02 uptake. This then 
becomes: 
R = (mean 06:00-18:00 counts/minute/hour) - 2 (mean 06:00-06:00 
counts /minute /hm:;:) . 
In this example R = 240 counts/nlinute/hour, representing 40% of 
the average rate of net C02 uptake during the light (06:00-18:00) period 
of the day. The per cent of gross is 28. In this same experiment we 
also have data from the sunlight incubator. Here R = 25% of net C02 
uptake and 20% of gross. A summary of R value~ as a per cent of mean 
hourly daylight fixation, from other experiments is included together 
uith these in Table XLII. 
We recognize that the loss due to respiration is not of the same 
C12/C14 ratio as is uptake until the organisms have come to equilibrium 
in this regard and that our calculations do not take this into account. 
The average rate of respiration taken from Table XLII and calculated as 
a per cent of gross daylight fixation is 15% and we might guess that 








TABLE XLII. Respirationa1 loss in terms of counts/minute/hour 
as a per cent of net and gross C02 uptake during daylight hours. 
Incubator Date Loss due to respiration as a % of: 
Net C02 uptake Gross C02 uptake 
Unpainted 6/27/62 3 3 
galvanized 
sunlight 
Unpainted 7/14 10 9 
galvanized 7/15 20 16 
sunlight 7/16 35 26 
7/17 64 39 
7/18 18 15 
7/19 26 21 
7/20 
7/21 17 15 
'7/22 10 9 
7/23 16 13 
7/2~. 21 17 
7/25 8 7 
7/26 3 3 
7/27 36 26 
7/28 32 24 
7/29 7 7 
7/30 
7/31 
Black 7/20 22 18 
galvanized 7/21 
sunlight 7/22 
7/23 18 15 
7/24 5 5 
7/25 1 1 
7/26 2 2 
7/27 31 24 
7/28 
7/29 20 17 
7/30 16 1!~ 
7/31 
1958-type 
fluorescent 9/12 40 28 
Blacl':. 
galvanized 9/12 25 20 
sunlight 
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4. Dark bottle uptake of carbon-ll~ 
Various attitudes exist in reference to the use of dm'k bottles. 
Steemann-rTielsen, among others, is wont (1958) to omit them, saying 
they are aliTays about 1-2% of the light bottle values. Jitts (1963) 
uses a darl~ bottle for each light bottle while we (Doty & Oguri, 1957) 
use one darIl: bottle fo:c each two light bottles. Dr. Olga Koblentz-
Mischke (personal communication) has expressed the feeling that dark 
bottle fixation is a function of the techniClue used. Some techniques 
regularly omit the darI-\: bottle in phytoplankton productivity measurement 
while "'ith others they are regularly included. 
At this time it seems desirable that the significance of dark 
bottle fixation be :cevievred in respect to that in the light bottles and 
in respect to the causes of variation that can be observed. In the 
work of this contract various experiments have been carried out from 
which data can be dra~m and applied to the follO"tJing three variables in 
regard to dark bottle fixation. 
a) Type of incubator. 
b) Length of incubation period. 
c) Time of sampling. 
a) Differences in incubator. Our only information available, 
that can be separated by type of incubator', is for the September l2-l3th 
eJ~eriment (Experiment 7 of Part A above) where 2-hour incubations of 
dark bottles were started every hour in both the 1958-type fluorescent 
light and galvanized iron sunlight incubators. An analysis of these 
data resulted in the following: 
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i'1ean of 31 counts in sunlight incubator = 18.4 
Mean of 31 counts in fluorescent incubato-'c = 17.8 
-d = 0.6 
t = 0.6 0.43 = 
1.4 
We conclude from these results that the tllO incubators are alike 
in their effect on dark bottle fixation and ftu·ther suspect that 
differences in temperature are not significant between the two incubators 
which ai_'e cooled with the same sea vTater bath (as this is the variable 
which might have and probably '-lOuld have accounted for any difference 
in counts per minute per hour). 
b) In Experiment 8, dark bottle counts vlere taken for bottles 
held for both 2- and 2!~-hour incubation periods. Vlithout exception, 
those held for 2 hours gave a higher count per minute per hour than 
the subsamples held for 24 hours (Tables XII and XVI). This may 'vell 
be due to rapid initial chemosynthetic adsorption and other dark phase 
phenomena 1-Tith a leveling off of the rate of these activities soon after 
a short term adjustment period. If such rapid dark bottle fixation is 
initial only and then at a Imver rate proportional thereafter to time, 
it lilay likely occu:c VTithin, at least, the first 6 hours of incubation 
as, note, sliailar data in Experiment 1. 
Results obtained with the Sargassum experiment (NB26: 107) support 
this observation that dark uptake is initially high and then is propor-
tional -;';0 lenC;-I:,h of incubation at a slOlTeJ:- rate (Ta1)le XIJIV) . 
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TABLE XLIV. Dark uptake of carbon-14 by Sargassum. 
April 4, 1961. NB26: 107. 
Hours incubated in Counts/minute/mg carbon of sample as C6 H12 06 
dark ~lith carbon-14 Hours of light exposure before dark incubation 
0 1 2 4 
1 4.09 2.15 
2 2.03 2.87 
3 1.86 




c) In the Annual Report on this contract for 1958 (pages 43 & 
44), it is reported that a statistical study of the carbon-14 uptrute 
measured in 49 pairs of 08:00 and 20:00 dark bottles showed little 
probability for a periodicity. Strickland (1960/Bul1.no.122) picked up 
this note. We have not been satisfied that a comparison of rates for 
just two times of day is sufficient to reveal or deny the existence of 
some periodicity. 
Experiments 7, 8 and 9 have provided considerable data which 
could be analyzed for dark bottle periodicity. These are summarized in 
Table XLV by time of sampling. All are from 2-hour incubations. Figure 
8 is a graphic representation of the dark bottle periodicity as shOim in 
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Figure 8. Periodicity of carbon-l4 uptake rate in dark bottles as a 
function of the hour of day incubation was begun. NB7l: 23. Mean 
data for Experiments 7, 8 and 9 (refer to Table XLV). 
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TABLE XLV. Dark bottle counts per minute per hour. 
NB63: 70-89, NB70: ~-I-h3, NB70: 80-117. 
Counts Lminute Lhour of incl.lbation 
i Experiment 7 Experiment 8 i Experiment 9 
"I ! 12-13 SeEtember 1262 i 10-Jl Nov. ll-12 Nov. 22-23 D=c. 23-24 Dec. i 
. I 1958-type I 1958-type I 
Sanrple SunD.glt fluorescent I fluorescent incubat:at' Plastic bucket ** I 
time incubator incubator I 
06:00 11 15 41 53 17 ll~ l~6 ! 
08:00 13 12 33 38 15 19 214 1 • i 
63 18 
I 
10:00 13 13 71 19 53 ! 
12:00 10 11 69 55 24 17 51 I 
, 
14:00 15 16 54- 61 20 21 57 
I I 
16:00 30 19 49 65 32 17 I 74 1 ! 
I 
118:00 21 22 110 68 26 20 I 75! 
120:00 16 20 214· 14!~ 32 37 ! 100 I , 
I 781 I I lll· 14 81 160 27 122: 00 29 
12!~~ 00 I I 16 18 129 102 25 25 I 76/ 
I 
i 
67 i 02:00 21 14 53 37 31 29 I I , 
I 
(04:00 22 15 IIJ 62 21 28* 57 : 
! 
* Only one light bottle . 
. If* The figures in this column 1'Tel'e calculated as follows: 
a. The highest hourly count in each daily run lIas taken as 100% and 
all other data in the same run were tal\:en as a per cent of th:ts run. 
b. An average per cent by sampling time l{aS made for all 6 runs. 
c. The highest o:f these "las then taken as 100% and the other 
values, by tir;le of sampling, w'ere calculated as a per cent 
of this highest value. 
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Note on Figure 8 that fixation is least at 06-08:00 and greatest 
at 20:00. Perhaps it is only coincidence that dark bottle fixation is 
least at the time when biomass is also least (refer to Figures 1 and 5), 
but we tend to believe that there is a definite association---related 
to chemosynthetic phenomena of organisms ~'lhich accompany (perhaps by 
adhesion) the photosynthetic organisms. It is also support for the 
~pothesis that the low chlorophyll content found in the natatorit~ 
surface water used, at this time of day, is due to less photosynthetic 
biomass and not due to a lower chlorophyll-biomass ratio'. That chemo-
synthetic phenomena are, at least, partially responsible for dark bottle 
fixation is supported by the data shmm belo'.,. NB26: 45-58, 67-71 
outlines e"cperiments and data 1vi th the use of streptomycin added to 
incubation bottles. 
Six experiments in all are reported on 1-1ith dark bottle results 
as shown in Table XLIII. 
TABLZ XLIII. The use of streptomycin as an additive to dark bottles. 
November 5-7, 1956. NB26: )+5-58" 67--71. 
Counts per minute per hour of incubation 
Streptomycin Page Page Page Page Pages Pages 
I 1.~8 50 52 54 68-69 70-71 Average in gamma/ml 
1.0 21 4 29 5 JJ~ 7 13 
0.1 19 9 31 11 11 12 16 
0.01 25 16 30 5 6 15 16 
0.001 24 10 46 7 15 10 19 
0.0001 19 9 3lt 7 11 9 15 
0 J9 28 38 5 38 7 23 
0 18 18 h2 12 14 lI~ 20 
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The results (Table XLIII) of this experiment are inconclusive, 
but it could be more than chance that the bottles ,\-lith the highest 
concentration of streptomycin had the lowest "darkll count and that the 
bottles without any streptomycin had the highest "darktl count. 
Our conclusion is that either or both of the following obtained: 
1. The added streptomycin 1'1as either not sufficient and/or 
specific to be completely effective against the chemosynthetic 
organisms. 
2. It llaS completely effective (as 1.0 gamm/ml) and the 
remaining counts are due to dark phase C02 uptake and adhesion. 
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5. Carbon-14 uptEJ:.e as a function of light source 
./\1111ost all shipboard incubator methods employ f1uorescent light 
as the energy source to promote photosynthetic conversion of the 
inorganic carbon, including carbon-14, to the organic state. Since 
developing the technique for measuring this rate is the principal 
objective of this contract, a number of suggestions concerning light 
have been considered experimentally. The principal series of experiments 
has concerned the possible utilization of ambient daylight in place of 
fluorescent light. A long series of experiments (Experiments 11-16 of 
Part A) has made it clear that the "cool ,.,hite ll vlestinghouse tubes and 
the 1500-foot candle light intensity used, in vThat is termed here the 
1958-t~rpe incubator!/ yield higher results than do higher or similar 
sunlight intensities under 'tlhat ,muld otherwise seem to be the same 
conditions. In other experiments, these rates in one series of 4 were 
about 82% of those from 11 in situ" incubations carried out over the same 
period of time, and the comparable sunlight incubations provided values 
"Tere 7316 of the same 11 in situ" values. 
'};./ Both single- and double-ballasted 1961-type fluorescent incubators 
have been tested (Experi.ments 11-13). The essence of the 1961-type was 
its having a bank of 8 20-uatt fluorescent tubes above the bottles 
i{hich, set on their sides, llere in a pan '\lith sea surface temperature 
,later just covering them and sufficient circulation that they uere 
kept uniform in temperature. The double-ballasted incubators vlere 
so "Tired, for in the September 1961 SCOR inter'.:!alibration trials, it 
appeared that the light intensity of the single-ballasted incubator's 
\las too 101., to induce photosynthesis at 10()l}j of the normal or pre-
cond.itioned l~ates. A test of a single tube (double-ballasted) yielded 
light measurements about double the single-ballasted value ,,,hile 
operating several hours before a ,{hole incubator ilas vlired. 
The first experililent (Experiment 11) carried out to determine tbe 
comparison of rates of carbon-l!~ fixation indicated success in that 
the double-ballasted incubator yielded about 2 times the rate obtained 
llith the single-ballasted lights. Therefore, a second experiment 
(Experj.ment 12) ";Jas done utili::;ing the same incubators and sets of 
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Figure 9 represents the average fixation for Experiments 13-16 
,.,ith each of the 4 incubators represented .. Then fixation is given relative 
to fixation at 100% light intensity in the 1958-type fluo~escent incubator. 
All 3 sunlight incubators behave in the same general manner with regard 
to fixation as a response to neutral density filtration of light. All 
show increases in fixation with 64% light intensity over "That they gave 
for 100% light intensity. It has been noted that in only 3 of the 25 
cases, where a sunlight and 1958-type fluorescent incubator have been 
used for incubating aliquots of the saiae sample, haa fixation 't'lith a 
filtered o:r unfiltered sunlight s,')urce ever equaled that in the artificial 
type. One would suspect that near optimum (or at least nearer optimum 
than 1958-ty}?e fluorescent, 100%) must have occurred more often on the 
10 different days (6 July, 25 July, 15-22 August, 6 October) when one 
or more of the sunlight versions has been run beside the 1958 .. type 
fluorescent. A neutral density filter ,yhich cuts the intensity of 
inhibitory wave lengths to the level i.,here they are .no longer inhibitory 
could also be reducing other wave lengths to the degJ:'ee that light is 
then limiting at that level of intensity. 
neutral denSity filters. This time the results 't'Te:re very different with 
the two electric incubators yielding about the same results. As a 
result, the light intensities in the bottle positions i.,e:ce measured. 
The values obtained indicated much lower values than those expected, a 
marked decrease during the 10 to 15 minute period during ~nlich the 
measurements were made and shortly thereafter, there \las a failure of 
some tubes. Hovrever, no time measurements were recorded acctu~ately. 
To obtain useful measurement of the decay rate of the tubes 
when run double-ballasted, an illumination meter was mounted 50 em 
from the center of a set of previously unused double-ballasted lights. 
The lights were turned on and the follOi-ring record was made (5 July 
1962). At about 19: 21: 30, a tube "Tent out. 
100~----~--~r---~~--~----~~~-o'~I-----r-----r----~. 
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C-I4 UPTAKE RELATIVE TO 1958-TYPE FLUORESCENIAT 100% INTENSITY 
Figure 9. Carbon-14 uptake rate at 100% and at reduced light 
intenSities, using sun and fluorescent light sources plotted as 
the per cent of the rate at the 100% jntensity level in the 1958-
type fluorescent incubator. NB's63: 32-34; 68: 28-33; 68: 43-47; 
63: 90-97. Experiments 13, 14, 15 and 16. 
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This may possibly be the e~cplanation for the observed phenomenon, 
as it has been noted that action and quite possibly "inhibitory" spectra 
are not the same for even different species of the same genus (Haxo & 
Blinks, 1950), 
The finger points rather naturally to the presence in the sunlight 
of some factor that is absent in the fluorescent light or to the parti-
cular balance between wave lengths present in the fluorescent or sunlight. 
Several experiments were carried out '\-11 th the light intensity at the red 
end of the spectrura enhanced (NB69: 65-89). The general conclusion 
seems inescapable that per gram calorie of' energy as measured "'tiith a 
B2M solar battery inside a glass fitting, calibrated against a Weston 
756 meter (~m59: 33-40), the addition of infra-red actually enhanced 
photosynthesis throughout the range of intensities being used. Therefore, 
it was concluded that it is probably not the red in the sunlight that 
induces the observed inhibition. This is in contrast to Steemann-
Nielsen's statement (1957 ICES Symposium Papers published in 1958) that 











19:21:30 1 tube "Tent out 
19:22:30 540 
This terminated the experiment, but one more measurement 1vas made. Then 
the lights were turned off and four vrould not re-light. A considerable 
amount of black dust in the tubes seemed associated Vli th the decay. The 
tube assembly got very hot. In facti during the experimental use of the 
double-ballasted light source, the p astic cover became defonned. The 
results indicate that after an hour of use, samples in such an incubator 
may be exposed to only about 2/3 of the initial light intenSity. 
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Vollenweider (ONR Technical Report ONRL: 13-63) has continuect :1:iJ 
study of phytoplankton production in Lalce Orta investigating the effect 
of ultraviolet light on a number of phytoplankters. He found that in 
most cases the addition of only a small quantity of ultraviolet, with a 
wave length near the visible being used, strongly reduces the photosyn-
thetic activity. In many cases this reduction was up to 50 per cent. 
Although ultraviolet light 1vould be strongly absorbed by both the glass 
surrounding the incubating specimens and by the vTater 1-1hich surrounds 
and covers the sample bottles, it 'vas thought that reduction might be 
due to this range of however 10lv intensity. A preliminary experiment 
(Expel'iment 20) on this subject is recorded in NB72: 77-89 and although 
the results are inconclusive 'Vdthout replication, there was an increase 
of photosynthesis 'VThen ultraviolet 'vas reduced by the use of mylar filters. 
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6. Acid Washing 
This subject has been tal~en up earlier in the Am"ua1 Report far 
1961, pages 3-7. Further experimental work (Experiments 17-19 of Part 
A) has borne out the conclusion "that 0.001 N to 0.1 N HCl rinses seemed 
to be about equal in their effect on light-incubated plankton". lvfean 
counts per minute per hour for the results of these three experiments 
are: 
HCl Counts per 






A washing solution of 1.0 N HCl is also adequate for the removal of 
adsorbed inorganic carbon-lL~, but 10.0 N HCl is apparently releasing 
some of the biologically fixed carbon-14. Fumes with up to 10 minutes 
treatment are not satisfactory for this purpose. 
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APPENDIX III 
(1964) 
Phytoplankton Algal Primary Productivity Equipment 
Devised and Adopted During the Terminal Contract Period 
As used by the Botany Department 
of the University of Hawaii for 
Work done under contract AT-(04-3)-15 with the U. S. Atomic Energy Commission 
III-l 
The p~oplankton algal primary productivity equipment devised 
and adopted during the terminal contract period 1961-1964 included the 
following items: 
A. Hydrophotometer Control Box 
B. Hydrophotometer Mounting 
C. Plastic Sampler 
D. Fluorescent Incuba.tor 
E. "In situ" incubation buoy 
Since many of these pieces of equipment have proven very practical in 
use, the,y are described here and examples of sources where they can be 
obtained are provided for those who may wish to purchase these items in 
reaqy-made form. There are no known restrictions on the construction or 
manufacture of any of these items insofar as the people concerned with 
this contract know. 
A. Hawaii Modifications of the Clarke Marine Photometer. In 
adapting this standard hydrophotometer for routine use in determining 
the depths to which different per cents of the surface light penetrate, 
a Wheatstone bridge circuit has been applied advantageously. Having been 
told of several much more complicated circuitries ,,,hich surely must be a 
barrier to the wider employment of this useful device, the modification 
in use (Figs. 1-4) at the University of Hawaii is described here. This 
device permits lowering of the overboard cell directly until any pre-
determined per cent depth required is reached. This depth is reached 
when the galvanometer needle (Fig. 2) reads zero with the potentiometer 
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The constructional details given in Figures 1-4 should require, 
it seems, little descriptive prose. A list of the components is as 
follows: 
1 Rheostat 10k n Zero Adj. 
1 Rheostat 10k.>.~ + type JS on-off switch 
1 Potentiometer 10k ~). Attenuator 
1 Potentiometer, Obmite type AB 10,000iy linear taper 
1 Ammeter, Jl D.C. ± 25 Jl Amps 
1 Ammeter, Jl D.C. + 25,u Amps, Simpson model 1329 
2 Amphenol plugs #164-499 
1 Resistor 2. 7k..v. 
I Resistor lOk£~ 
1 Resistor 2.7k.Q. 5% 
1 Resistor 10k .• a. 10% 
1 Box, watertight (Fig. 1), improvised to fit 
Clarke Marine Photometers are supplied by Mr. Fred Scheuler 
(30 Albermarle Road, Waltham 54, Massachusetts, U. S. A.). The deck .. 
cell is used as provided b.y Mr. Fred Scheuler. See below for overboard 
cell. Rubber covered 2"conductor wire to connect the overboard and o.eck-
cells to the control box is obtainable in most large cities for 8 to 11 
cents a foot. There is nothing peculiar about the Amphenol plugs, and 
other makes and models could be used just as "rell. Those used are 
secured in place by a screw-on or threaded collar, and when the wires 
are not attached to the box, the fittings are covered by caps screwed on 
in their place. 
The control box described above can be purchased complete with 
the connectors from Lambert Electronic Service, 589-C Kawailoa Road, 
Kailua, Hawaii, U. S. A. 
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B. The overboard cell of the Clarke Marine Photometer is normally 
provided with a rigid frame which, while excellent mechanicallY, tilts 
with the wire angle and thus when the wire angle is Significant, the 
flat plate irradiance collector is not horizontal. Especially if near 
the Ship, the cell often faces the hull of the ship rather than the open 
sky. To avoid this and to obtain a suspension which can be collapsed 
for shipping, a suggestion made by Mr. Herbert Mann of the U. S. Bureau 
of Commercial Fisheries has been adopted leading to a new mounting. The 
mounting (Fig. 5) is of stainless steel and the overboard cell provided 
by Mr. Fred Schueler is mounted at the center of the horizontal T-bar as 
shown. 
Since the eyed ends of the stainless steel rods are free to move, 
the ",eight keyed through stainless steel tubing to the T .. bar keeps the 
cell horizontal though there is a significant wire angle. 
IdeallY, in use the overboard cell is lowered until just beneath 
the l·later. In rough weather it may be set in a tub so the receiver is 
just beneath the surface. The control box is turned on and with the 
"dial knob" set at 100, the galvanometer needle is brought to zero 'by 
turning the zeroing potentiometer knob which also activates the on-off 
switch. This zeroing provides per cent depths in terms of the amOlli"1t of 
light getting into the water, 1.!., it automaticallY subtracts for re-
flectance and surface film absorption. Some workers accept the value 
just beneath the surface as 92 per cent of the light reaching the surface, 
but with the method in use in Hawaii the amount of light getting into 
the surface vmter is taken as 100 per cent. In practice, hOirever, in 
the data tables a 99 is recorded as the per cent value instea1 of 100 
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The measurements are made from the lighted side of the ship. 
The control box described here, being activated only by the output 
of the photocells, is only operable above the 0.1 per cent light level 
and towards evening or early in the morning is quite insensitive at the 
1 per cent light level. This means that at the deeper levels it is hard 
to decide at just what depth the desired light level is located. A 
smoothly and rapidly running vr.i.nch allows one to Jltune_inJl the depth 
by successive determination of nudpoints between where the overboard cell 
is too far dovm or too far up. However, at the deeper levels the rolling 
of the ship and the passing of s'tlells is less of a problem. At the 
shallower d~pths the rolling of the ship and the passing of swells 
combined with the greater sensitivity of the apparatus may cause some 
difficUlty. These aspects of determining light per cent depth, especially 
near the surface, are not pecUliar to this instrument but are merely 
problems general to the measuring of subsurface light from a ship at sea. 
Calibration of the instrument is done in two w~s. First, by 
measurement of light, for example, in a darkened long hallway, with the 
overboard cell at measured distances from the deck cell and both faced 
normal to a light source. With this type of calibration, absolute 
measurements of the light are made at the same time with a Weston model 
756 illumination meter. The second method is by covering the overboard 
cell with the different filters to be used and recording the 'dial knob" 
(Fig. 2) setting that returns the galvanometer needle to zero. This 
latter is actually the method most often used by the University of Hawaii 
group. As a resUlt of the calibration activities, Tables are constructed 
for the different control box - cell pair combinations. The calibration 
does not seem to change Significantly over long periods of time. An 
example of the "dial knob" settings for one set of per cent depths for 
one instrument combination is given in the following table: 
Control box Accepted light Layers of 
dial knob per cent filter 
setting depth materialiil 
100 100 (99) 0 
88 66 1 
82 47 2 
68 32 3 
51 16 5 
32 6 8 
14 1 11 
til The filters, in this case, are cylinders 
made of layers of black nylon netting. 
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C. A twin 6-liter Elastic sampler (Fig. 6) that keeps the samples 
in the dark is in use. It is entirely of relatively non-toxic plastic 
and rubber, holds 6 or 12 liters of water, and is mechanically easy to 
use. This sampler, a result of the discussions of the SCOR sponsored 
intercalibration sessions concerning the productivity work for the 
International Indian Ocean Expeditions, was devised under the direction 
of Hr. Harry Jitts and is constructed in the shops of the CSIRO, Cronulla, 
New South Wales. A ver,y similar sampler is constructed by the Rigosha 
Company (2, Kajicho l-chome, Kanda, Chiyoda-ku, Tokyo, Japan) and comes 
in various models of differing capacity, some of uhich hold more water. 
A similar sampler is produced by Logan Smith and Associates (1300 West 
253rd St., Harbor City, California). 
D. The fluorescent lit incubator devised and used ver,y widely 
(Figs. 7-9) is, vdth slight modification, produced by several commercial 
companies. Gemware Manufacturing Company (12 East 12th St • .; New York 
City) being one. The Rigosha Company mentioned above, is another. In 
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routine practice, only "cool '''hite ll Hestinghouse tubes are used and 'tvith 
110 volt (~. 70 volts on each operating tube) current at 60 cycles. 
This yields about 1500 foot candles of light ~hen the readings from a 
flat place collector faced normal to the light path faced tOl-Tard the 
outside and then toward the center of any of the central five bottle 
chaniliers on either side are combined. 
A good many features of this incubator type do not sholT in the 
sllnple illustrations (Figs. 7-9) provided here. Cooling is effected by 
water circulations around the edges of the ivhi te opaque separators shown 
on Fig. 8. The water is conducted in from the "ater inlet, a standard 
American hose female fitting, to the bottom at the rear of each tank 
through soldered ttl copper tubing. The electric inlet AC plug is so 
tilted that the wire comes up to the plug and thus "ater running dOlm the 
inre drips off rather than running into the plug. The ballasts (Fig. 9) 
are mounted on a galvanized iron sheet as a heat dissipating mechanism. 
The drain (Fig. 8) is closed by a corle from the inside when the incubator 
is in use. 
E. A special Ifin situ" incubation buoy, or float, for suspending 
plarueton samples in the sea for measurement of carbon-14 uptwce during 
"in situ" incubations has been put into use. This float (Fig. 10) is 
constructed of tiVO stainless steel surplus oxygen tanks and other stainless 
stock welded together. This model holds the bottles in place vnthout 
extra tying as a spring (shown in Fig. 11) holds a short tube over the 
stoppered end of each bottle and holds each in its ring of plastic in 
such a way that they cannot come out even though there is considerable 
mechanical action in getting the "in situll string into or out of the 
water. The eye to which the line holding the subsurface bottles is tied 
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flips up so that the assembly is stable either side up when the float is 
laid on deck. The surface bottles fastened on this "in situ" buoy are 
held just beneath the sea surface. Hith thought being given to tethering 
the float fram the ship, there need be no shading at any time of day. 
The tethering line used is strong enough to permit its use for hoisting 
the buoy and string of bottles aboard or lovTering them into the sea. 
A second modification has involved use of removable ope-Clue covers 
over the bottles and bottle holders for "in situ" incubations. These 
covers are of black cloth and are wrapped around the bottles and kept 
over them while the bottle holders are fastened on the line from which 
the,r are suspended in the sea. The black cloth is pulled off a given set 
of bottles and retrieved by an attached light line as the bottles are 
lowered below the water surface. 
The line to which the "in situ" bottles are attached is braided 
nylon ,d th a weight attached at the bottom. This is much more convenient 
and easy to handle than the conventional ~drographic wire. The clamp 
assembly fOr holding the bottles belovT the surface is modified from a 
design (Jitts, 1963, Plate 2, Fig. 2) used by the csmo. 
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